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Abstract

Background: Research concerning sexual selecsaoggestshat ornaments and traits

convey information that is valuable to observers whekimgadecisions based on adaptive
problems. In the animal kingdom males perform dynamic courtship displays and females
assess such displays when choosing a mate. In humans however this avenue of research is in
its infancy but an emerging field of study remight to find out if dance movements, which

are thought to be courtship displays, provide observers with condition dependent information.

Objectives:i) To create a methodology that records dance movements with high accuracy
whilst eliminating structuratues known to influence mate choice decisions while

maintaining a highly realistic human form. ii) Use this methodology to assess whether traits
of interest (health, fitness, strength and age) can be detected by observers. iii) To establish if

particularmovements are mediating perceptions of dance quality and their condition

Methods: A cutting edge motion capture system and professional animation software was
used to record dances. Each male dancer either provided information on his health status,
physial fitness, strength or age. Dance animations were shown to observers and their
perceptions were correlated against the traits of interest. These were also correlated against
basic biomechanical characteristics to establish possible mediators.

Results It was revealed that whilst health measures were not related to dance ratings,
strength measures were and these perceptions were mediated by movements of the upper
body. A final study found that age was detectable by male participants and related to

masculinty ratings of female raters but no biomechanical mediators were found.

Conclusion Men and women are able to derive certain quality cues from observing male
dance and in some instances biomeclamicaracteristicsmediatedhis relationshipThis
provides evidence that dance may be usetheassessmemtf malesin the context of sexual

selection.
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CHAPTER 1: INTRODUCTION

1.1 Foundations of evolution

1.1.1 Natural Selection

Charles Darwin (1859) revolutionised the field of science with his theory of natural selection.
Darwin proposed that species (and their respective traits) evolved over time via adaptation to
environmental pressures as a result of natural variation. Heritable characteristics, no matter
how small, that aid an organism in its survival (such as immune funttomg mass, cell
VWUXFWXUH DQG RU FDPRXIODJH DOVR W\SLFDOO\DLG LQ
thus passed on to the next generation. Contrastingly, characteristics that negatively impact on

the survival of an organism should be phasetin subsequent generations, as individuals

that possess such characters will either not be as successful in mating, or will die before they
have the chance to reproduce. An organism that is successful in its fight for survival and

producesnore offspringLV VHHQ DV pILWY ZLWKLQ WKLV IUDPHZRUN

However, Darwin(1859)also observed characteristics in some species that did not fit
within the natural selection framework, as well as quite distinct physical and behavioural
dimorphisms between the sexes despi¢h facing the same environmental pressures. In
fact, some characteristics, especially in males, appeared to hinder the survival of the
organism. Darwin'$1859)famous example of such an anomaly was that of the peacocks tail.
Peacocks with large, extragant tails were slow moving and this made them susceptible to
predation. In addition to this, the physiological cost of maintaining such feathers was
extremely high. According to natural selection, such extravagant features should be phased

out in subsegent generations as they hindered the survival of the bird. In spite of this,

1



peacocks with such elaborate characters were more successful in mating than peacocks
without such extravagance. These anomalies forced Darwin to formulate an additional

element tahe evolution framework: sexual selection.

1.1.2 Sexual Selection and differential development of mate preferences

The theory of sexual selection acts as a different selection pressure: the struggle to reproduce.
The theory postulates that charactersstitat are seen to hinder a given organism may in fact

be providing a benefit to their ability to successfully reproduce. Da(u$59) identified

those characteristics that did not fit into the realm of natural selection, and defined them in

two differentways: intrasexual and intesexual selection.

Intrarsexual selection is seen as the competition between members of theesame
(typically males) for access to mating opportunities. This often takes the form of
aggression/dominance hierarchies, whichdl¢éa the development of armaments, such as
antlers in stags. These physical structures are physiologically costly to produce and maintain
(Kodric-Brown & Brown, 1984; Folstad & Karter, 1992; Buss, 200alo et al., 2005;
Mateos et al., 2008) and represariurden if viewed by natural selection. In sexual selection
however, antlers are seen as a valuable trait in-male competitions, with successful males
gaining increased mating opportunities, and subsequent genetic benefits of increased mating

success

Inter-sexual selection on the other hand is the competition to be chosen as a mate. As
noted earlier, Darwin noticed that the sexes differed both physically and behaviourally from
one another despite being exposed to the same environmental presdured sunatural

selection. Trivers (1972) later hypothesised that these differences were as a result of



differences in parental investment: the sex with the higher parental investment in any
offspring (i.e. the sex with the highest physiological costFi® DVVLILHG DV WKH pFK
ZKHUHDV WKH VH[ ZLWK YHU\ OLWWOH LQYHVWPHQW LV W
around the size and cost differences between the gametes. Female eggs are finite in number,
relatively large, and incur large phykigical costs to produce and nurture. Male sperm in
FRPSDULVRQ LV SK\VLRORJLFDOO\ pFKHDSY WR SURGXFH LC
females also incur similarly large costs in offspring development past conception in both time

and the physiolagal costs during pregnancy, whereas a male does not need to contribute

past his sperm. These large costs make females (especially mammals) much more involved in

the nurturing of offspring, and as a result, females have evolved mate preferences to ensure
such investment will be successful. This creates variation between male and female mate
preferences. A final note howevertlsat preferred traits such as the peac8ctail (among

other ornaments such as bright plumage and long tail feathers) that viarmémgal in the
development of the sexual selection thewrgre still not explained beyond the fact they were
preferred by females. Given that the principle of evolutionary theory is the balance of costs

vs. benefits, mere preference still does not gle®w concrete explanation of their existence.

1.1.3 The Runaway Hypothesis

A plausible explanation for the development of ornaments did not come until 1930 with the
ZRUN RI 5RQDOG )LVKHU )LVKHU SURSRVHG WKH pUX
exdanation as to why there seems to be a rapid development of large, exaggerated ornaments

in animals such as birds and deer. The process is circular, beginning with a member of the
opposite sex (typically a female) having a preference for a particulatftnagxample; tail

length in male birds) thus making that trait advantageous to have. Similarly, it also makes

having the preference for that trait advantageous for the female. Initially, the preference for



tail length will be the functional length foright. Males in possession of the required tail

length with thus be selected for and pass this trait on to their offspring. Variation within such
offspring will push the length of the tail to longer than the optimum for flight and female
preference will fdow suit, preferring longer tail lengths. This produces males who have
decreased flight ability (due to the longer than needed tail) but with higher reproductive
VXFFHVV KHQFH WKH WHUP puUXQDzZD\Y 7KLV SURFHVV FRQ

length and fails to reproduce, thus causing equilibrium.

This theory postulates that these traits and ornaments goeotlycts of arbitrary
preference by females and are not in any way indicative of male condition. There is much
debate among evolutonarELRORJLVWYV DERXW ZKHWKHU WKLV pUXQI
force behind these ornaments, with some researchers suggesting arbitrary preferences make
for an overly unstable model (e.g. Zahavi, 1975; Hamilton & Zuk, 1982), and that more

stability shoull be expected for such preferences to be maintained.

1.1.4 Cues and Signals

Later, a more balanced solution to the problems with the runaway process was theorised by
Zahavi (1975) the reason for the development of these ornaments was in fact a form of
communication (i.e. ornaments and traits served as a source of valuable information that
females could detect). Many conditions of interest (such as the condition of a potential mate)
are virtually impossible to measure directly, and as a result, animdlsd{imgs humans) must

use accessible information that is at least partially correlated with the condition being

investigated. These are quite commonly referred to as signals.

These signals are monitored by receivers (for instance a female looking foiarondit
information about a male) and in order for signals to develop successfully; they must be both

detectable and actually communicate something valuable to observers. However, if a signal

4



does not communicate effectively or signals incorrect informatidthefe accidental or
deliberately), then it is in the interest of the receiver to ignore the signal. This forms the basis
IRU uKRQHVW VLJQDOOLQJY =DKDYL +DPLOWRQ =X N

2011).

Some characteristics may have evolved ftiecent purposes other than to signal information

and merely correlate with the trait of interest. Observers however may still use this trait to

gain insight into the hidden trait of interest in the same way as a signal but such
ornamentation is known a® PFXHY &XHV DUH XVXDOO\ RQO\ SDUWL
condition of interest (whereas signals provide more robust evidence of condition) and have
typically evolved for purposes other than communication (Bradbury & Vehrencamp, 2011).

For example, Brabury and Vehrencamf2011) note thahumans cannot readily measure

humidity, however one may use the related cue of sweat on another human to gauge it with
reasonable accuracy. Sweat has evolved primarily to cool the body but its presence on the

brow is carelated with the humidity and heat levels in the air.

1.2. Aspects of female mate choice

As the choosy sex, females have evolved several preferences for male mates that attempt to
counter the offset costs females incur as a result of their highetrmergs and ensure any

offspring are healthy and able to reproduce.

1.2.1 Preference for health

Of primary importance to females is making sure the genes of the male she mates with are of

high quality because these will be passed to her offspring (Bufd,).20lating with an

unhealthy male has many risks for both the female and any offspring sired by him. Firstly,



unhealthy males are at higher risk of premature death, therefore ending the flow of resources
(e.g. territorial defence, parenting assistancg lecprovides. Also, any offspring sired will
acquire his poorer quality genes and there is a possibility that any diseases or infections the
male carries will be transferred to the female, thus putting her in danger. In many avian
species, a common sighat the health of a male is compromised is the presence of parasites
(Hamilton & Zuk, 198). These parasites heavily impact on the overall condition of a bird
and also signify a weak immune system (Mgller, 1992; Folstad & Karter, 1992). Many
ecologists haw observed that females have developed a preference for males without
parasitic infection and look for males in good physical condition (e.g. vibrant plumage,
covered in more detail in section 1.3.1). This preferdmatés true in many species, including
humans (Hamilton & Zuk, 198 Buss & Barnes, 1986; Mgller, 1990; Gangestad &

Thornhill, 1997; Shackelford & Larson, 1997; Favire et al., 2003).

1.2.2 Preference for strength and physical fitness

Closely tied to health preferences are those of physicasstand strength. In many species,
females and their offspring are at high risk of harm from predators and rely on the larger,
stronger males for protection. In male gladiator frogs for example, the male is responsible for
defending the nest and eggs. BeY H PDWLQJ D IHPDOH ZLOO WHVW WKH
him. If the male moves too much then the female leaves to find an alternative mate. In
addition to external threats of survival, females often face risks of sexual domination from
other males rad therefore choose a stronger mate for protection (Sma8.18uch adaptive

problems have lead to a female preference for males to be larger and have greater body
strength. In addition to these traits, males that hunt have a higher cardiovasculay capaci
(Manning & Taylor, 2001; Manning, et al., 2007).

6



In humans, women consistently indicate a preference for men who are both taller and
have greater physical prowess (Cameron, et al., 1978; Ellis, 1992; Buss & Schmitt, 1993) in
order to protect them frorother men (Smuts, 1985) and to acquire and defend important

resources such as food/water and shelter.

1.2.3 Preference for resources, financial prospects and high social status.

Females also look for mates who have the potential to provide importantcessuch as

food and shelter. Females therefore look for indicators of this potential such as social status,
dominance behavioursand in humans, earning potential. Classic examples of these
behaviours are seen in mammals, where territory is often cedtestd highly social animals

such as primates and humans. In red deer for example, females mate with males who

successfully defend their territory from other males (Carranza, 1995; Charlton, 2008).

The desirability of social rank and status is readilgesbed in human societies. In
human history, males with the highest social status were the ones with the highest caches of
food thus making them desirable as mates (Buss, 2004) which in turn created highly
HGHVSRWLFY VRFLHWLHV % kAiAhidhJdespotic powkrRiseHt t© Bu@hdry Z
WKHLU DQG WKHLU UHODWLYHVY UHSURGXFWLRQ D WHQC
2005). In the modern western world for example, American women rate success in a
profession, possession of a promisingeeay education and professional degrees as highly
desirable (Buss 2004; Buss & Schmitt, 1993) because of their high correlation with earning
potential. Women in many other modern cultures also rate social status as very important in

prospective mates (Busk989).



1.2.4 Preference for older males

Females have also developed preferences for relatively older mates. A popular view on age is
that older males have proven survival skills, as the fact a male has merely survived is proof of
his genes being robush many species, psychological/physiological traits that are seen to be
desirable and related to condition also positively correlated with age. For example;
birdsong repertoire size, vocal spectrum size and consistency of repeated notes are typically
positively correlated with the age of male birds because they require good condition and

learning capacity.

Another trait that igypically found inolder males is their ability to acquire resources.
In highly social creatures such as primates and hunagesis associated with higher social
rank (Buss, 200). In humans especially, monetary income (the modern resource) generally
increases with age (Jen¢Kk®979. This ageresource relationship is thought to stem from our
huntergatherer past as older malesd to be physically stronger (estimated to peak late
twentiesearly thirties) and more skilled hunters. Age (and its related benefits like resource
SRWHQWLDO LV UHIOHFWHG LQ ZRPHQTV PDWH SUHIHUHC

Schmitt, 1993).

1.3. Female mate choice in action

A common feature of many of these female mate preferences is that they are not directly
observable and must be inferred from physical or behavioural characteristics of the male (i.e.
they need to be signalled or cuedsmme way). This has led a multitude of researchers to

investigate whether the ornaments that puzzled Darwin are in fact signals of mate quality.



1.3.1 Honest signals in mate choice

SHVHDUFKHUV VXFK DV =DKDYL HIWHQ& MGrdet wKHUTV |
attain a degree of stability between a trait and its desirability, the trait must have some kind of
deeper meaning aside from being aesthetic, because the pressure natural selection would
exert on such a handicap would prevent survival. Yiafi®75)proposed that the ornaments
'DUZLQ ZzDV XQDEOH WR H[SODLQ PLJKW IRU H[DPSOH FRQY
FRQGLWLRQ LQ DQ KRQHVW ZD\ L H VXFK RUQDPHQWYV VL
condition and cannot be faked). ThsKRQHVW\Y ZRXOG KHO®Ebé&vie&®DQFH W
ornament and handicap as it informs the female that she is getting a higher quality mate.
Furthermore, this honest signalling helps the male as he is better able to advertise his superior

quality, and isherefore able to attract and mate with more (or better quality) females.

There is a wealth of empirical research that has investigated the validity of the honest
VLIQDOOLQJ K\SRWKHVLV DQG PDQ\ RI WIRH)mb@GT®JIV ILW
mog prominent species of study appear to be birds, especially those with brightly coloured
plumage, with researchers proposing that plumage is an honest signal of male
immunocompetence, or how robust his genes are to environmental pressures. One of the first
observations researchers have made to support the signalling hypothesis is that typically
females (as the choosers) do not have ornaments whereas males do. This goes back to the
work of Trivers (192) on parental investment, in that males are the adeestidhence the
ornaments) and females the choosers. E.g. many female birds are monochromatic in plumage

whilst the males are bright in comparison.

Hamilton and Zuk (1982) proposed that plumage in birds is related to current parasite
load, and that lower pasite loads lead to more expression in sexual ornaments as the burden

on the male is lower. In short, health was conveyed honestly by these secondary sexual



characteristics, and females use these as an indicator of mate quality. In order to test such a
theory, Mgller (1988) investigated swallows. He identified that the length of a male
VZDOORZYYV WDLO zZDV D VH[XDO RUQDPHQW DQG K\SRWKHYV
extravagant the ornament), the higher the mating success. Experiments shatwed|¢s

with elongated tail feathers sired more than twicemasy offspring in a single season.

Mgller thus concluded that such ornaments have been maintained by sexual selection and fit

into the genetic quality model.

Borgia and Collis (1989) looked attin bowerbirds Ptilonorhynchus violaceush
order to test the Hamilton and Zuk hypoth€4i@82) This species of bird is a perfect test of
the handicap/good genes hypothesis because the males provide no more than their genes in
mating, and have varyinbrightly coloured plumage. Adult males have a blue plumage
whereas females and younger males have green feathers. During courtship displays, sunlight
refracts off the male plumage creating large flashes of light thus attracting females. The
authors predited that females would prefer darker plumage as it allows them to see the
contrastingly light coloured ecotoparasites (lice) present on the birds. Moreover, the dark
plumage seems to begin to develop around the eyes, where many of the parasites reside.
Males with higher amounts of such parasites indicate lower resistance to disease. The data
collected supported the prediction that females preferred to mate with males with lower
parasite load and showed a preference for the darker plumage. This findirgyteeleoid
across bird species; more recent research into plumage using a different species (e.g. house
finches[Carpodacus mexicanus]found negative correlations between parasite load in males

with plumage condition (Thompson, et al., 1997).

Another, moe direct method in which ecologists have investigated the honest
signalling hypothesis is by directly measuring immune response to a chosen antigen

RWKHUZLVH NQRZQ DV D pnFKDOOHQJH WHFKQLTXHT 7KH\
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ornament size amor mating success. There are two main forms of immunity (otherwise
known as strands of the immune system):-gebiated and humoral. While humoral
immunity uses antibodies that identify and combat foreign bodiesmesliated immunity

relies upon macrdages, natural killer cells andlfmphocytes in response to antigens.

Researchers such as Faivre et al., (2003) used a comprehensive challenge technique
looking at both strands of the immune system in order to investigate a possible relationship
betweenmmunocompetence and the bill colour of the European blackbindlus merulx
The bill colour and eyeing of male blackbirds is a yelloarange colour whereas in females,
it is brown. This is seen as a sexual ornament and it has previously been fatuigtntles
prefer to mate with males with more orargdoured bills. Furthermore, some research
suggests that highgrarasite loaded males (an indicator of low imunocompetence) had paler
bill colours, which they concluded meant that bill colour was aalbkdi index of
immunocompetence. Faivre et al. found that-gwdiated (T cell) immune response was
positively correlated with bill colour (i.e. the more orange the bill, the higher the response).
The authors suggested that bill colour was therefore amshasignal of celmediated
immune function, as only males of higher quality could withstand the cost on the immune
system. The authors also discovered that a secondary humoral immune response (14 days
after the initial response) was negatively correlatgth bill colour during the breeding
season. Although this initially seemed to go against the hypothesis that ornaments indicate
higher immune function, it does however fit well with the handicap hypothesis, as it states
that sexually selected ornamentg aestosterone dependent, which is an immune system
suppressant (further considered in section 1.4). The authors concluded that bill colour was
indeed an honest signal of immunocompetence, and that the negative relationship in humoral
immunocompetence wahie to resource reallocation during the mating season as a result of

heightened testosterone exposure.
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1.3.4 The use of multiple sighaasd the introduction to cues

Although evidence from many avian species suggests that bright plumage and other
ornamets are selected for, possibly based on underlying condition benefits in males, Mgller
(1990) criticised the hypothesis that bright plumage reliably informs females of parasite load.
Some studies have found that plumage only marginally increases thieddelof a female

mating with a norinfected male, suggesting that other displays are also considered in the

drive to select for good genes.

One might presume given the diversity of tralteught to be important in sexual
selection that there are diffetesignals for each trait of interest. Many researchers present
evidence for the use of multiple cues however there are different theories as to whether
observers use different signals for different traits (multiple messages hypothesis) or use
multiple sigrals to assess common traits of interest in order to reduce uncertainty (redundant
signals hypotheses). There is empirical evidence for both hypotheses, for example Jawor and
Breitwisch (2004) found that in male Northern Cardirf@lardinalis cardinalig (a species of
bird with bright red plumage) redness of the breast plumage positively predicted body size,
bill colour predicted current body condition, and birds with smaller black face masks
predicted reproductive success. Other researchers have suggeésience towards the
redundant signals hypothesis suggesting that, at least to some degree, signals are not wholly
DFFXUDWH LQ DGYHUWLVLQJ WKH WUDLW RI LQWHUHVW DQ
HIDNHY VLIJQDOV WKXV R& NRaQKinsW&KGlildiokd DU9YT). GheVusd 6F
multiple signals to inform about a single quality of interest (or perhaps overall condition)
therefore is to reduce uncertainty and promote honesty (Sell et al., 2009). Sometimes qualities
of interest may be sigitied via multiple modalities (for example birds often use acoustic
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songs in addition to vibrant plumage displays; Williams, 2001) which creates an additional
benefit of needing to spend less time and energy assessing two potential mates who are
similar esSSHFLDOO\ LI WKH\ GLIIHU RQ D VHFRQG (Geddpizanv S5HVI
fortis) has been suggested as support for this hypothesis as a correlation between body size
and plumage colouratiormand the size of territory the male was under commang@Pace,

1984) It is thought that these two traits are used in combination and that females use the two

to gain a better picture of a m&eualities.

Much of the research outlined thus far has presented the idea that secondary sexual
traits have spedifally evolved for the purpose of signalling qualities of interest that cannot
be directly observedHowever there is a debate as to whether these have specifically evolved
for the purpose of signalling (thus fulfilling the criteria of a signal) or thexehevolved for
another purpose (dfisherian runaway) and are merely a correlate of the trait of interest and
is therefore defined as a cue (for full definition and examples see Candolin, 2003; Bradbury
& Vehrencamp, 2011). Cues therefore fit well intdAthSUHPLVH RI WKH UHGXQGDQ
signalling hypothesis as some error or ambiguity in the honesty of the cue is in question.
Indeed in many species where conspicuous ornamentation is missing all together, the use of

cues is of particular importanae order to avoid uncertainty.

1.3.5 Fluctuating Asymmetry

Many species (particularly mammals) lack conspicuous ornamentation to signal quality. This
means that other characteristics should be available to females in order to convey relevant
conditiondependent information. One such characteristic is that of fluctuating asymmetry
(FA). Ideally, most bodily features are bilaterally symmetrical. However, there are always

small deviations from perfect symmetry, and it has long been thought that such ds\aeation
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an indicator of developmental instability. Pressures, both intrinsic (predominantly genetic)
and extrinsic (predominantly environmental) are thought to disturb the expression of a given
SKHQRW\SH DQG FDXVH pQRLVHY ZKLfk Heveldpmentvthaw &e VO L J K\
revealed as asymmetries (Palmer & Strobeck, 1992; Leamy & Klingenberg, 2005). Frederick
and Gallup (2007) report that variance in FA is typically 60% genetic and 40%
environmentally influenced. Fluctuating asymmetry has been foanbdave particularly

strong effects on structures shaped by sexual selection because these structures are under
strong directional selection (and are hence developmentally unstable) (Mgller, 1990; Mgller,
1993; Roldan, et al., 1997; Simmons & Hunt, 1997)gically this leads to three key
hypothess: i) individuals that are exposed to more environmental pressures (for example
temperature, chemicals, and/or lack of nutrition to name but a few) should be more
asymmetrical, i) organisms in low stress environteeshould have higher symmetry, iii)
individuals that are more symmetrical should show greater robustness to these pressures (i.e.

are in better physical condition) and should be preferred as mates in both sexes.

1.3.6 FA in Comparative Literature

As with the majority of research investigating signalling and condition dependence,
considerable research has been conducted in avian species. This is primarily because birds are
susceptible to a highly experiment@mntrollable pressure: that of parasitediog. In order

to investigate the hypothiesthat external pressures do in fact play a role on tail symmetry in
swallows(Hirundo rusticg, Mgller (1992) exposed nests to varying levels of parasites (a

typical physiological stressor in birds) and obsevedeffects in tail FA. As expected, FA
increased as parasite loads were introduced. Mgller also observed that the degree of FA was

more pronounced in the feathers associated that are relevant for sexual preference (tail) as
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opposed to other feathers, gigicredence to the hypothesis that sexual ornaments convey
conditiondependent information. It also provides support for the theory that FA is both
sensitive to, and a reliable indicator of stressors. Similar findings are described in the work of
Lens et &, (1999) who compared degree of FA in seven species of f@stsicted birds

(Taita whiteeye[Zosterops silvanys Taita thrusl Turdus hellefj, stripecheeked greenbul
[Andropadus milanjendisCabanis's greenb[fPhyllastrephus cabanisiwhite-stared robin
[Pogonocichla stellafg yellow-throated woodland warbl¢Phylloscopus ru¢capilljsand

olive sunbirdNectarinia olivace) whose nests had been disturbed by changing
environments, with that of museum specimens from 50 years before. Contptred t

museum specimens, the birds currently residing in the disturbed environment showed up to
sevenfold increases in FA, a finding the authors attributed to strong negative environmental

stress as a result of a disturbed habitat.

Various researchers haveund that symmetrical features in many bird species are
preferred by females and conclude that females are using symmetry as an honest indicator of
physical quality (for a review see Mgller and Pomiankowski, 1993; Swaddle & Cuthill,
1994). However this awlusion may not be as cleant as first thought, especially with
regard to avian species; Oakes and Barnard (1994) experimentally manipulated tail symmetry
of male paradise whydal{¥idua paradisaep and observed the subsequent effect on mate
choice. Umxpectedly, the authors found that females actually preferred males with higher FA
tails. The authors suggested that this was because the manipulated tails were perceived to be
longer and thus different from the norm. This however may be a result of spaes

having other, more conspicuous ornamentation that command higher attention by females.

FA research is not just limited to avian species, in fact in some species where conspicuous
ornamentation is missing altogether (like many mammals) some reseaiohlieve
greater attention is given to FA. Roldan et al. (1997) for example assessed reproductive
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value in male gazelle§Gazella cuviefy by analysing their sperm during the mating
season and compared this to their FA. They found that the degree wfa&Aoth
positively related to inbreeding (Inbreeding promotes deleterious alleles that would
normally be phased out), and negatively associated with sperm quality (i.e. high instances
of inbreeding led to higher asymmetries and reduced the quality ahlp€his was
followed up by an investigation three years later, which expanded the sample to three
species of bisor{Gazella dorcas, Gazella damand Gazella cuviern, and here the
authors found that FA was a reliable indicator of male reproductive aséswas related

to individual semen quality in all three species (Gomendio, et al., 2000). FA has also been
linked with antler symmetry irmoose Alces alces gigasf|Bowyer et al., 2001) and
reindeer (Lagese& Folstad 1998). Lageseand Folstad positivly associated symmetry

level in reindee(Rangifer tarandupswith the hosf Mnmune functionsuggesting that FA

relies upon immunocompeten@ad thus is an honest signal of such condition.

FA has also been investigated in primate species. Canineiteptrticular are of
interest to researchers because they have been shaped by sexual selection (specifically
intrasexual selection as they are used as weapons) and so FA should have a more noticeable
effect on these structures. Highranking male Macaqug#lacaca fascicularisndMacaca
fuscata)yawn a lot exposing their teeth (Troisi et al., 1990) and in some species, males use
their opponents FA to assess their phenotypic quality (Manning & Chamerlain, 1993). The
development of FA in dentition is thougtat be primarily genetic as their growth is largely
dependent on the genome, and their development appears to be particularly resistant to
environmental pressures (Frederick & Gallup, 2007). Manning and Chamberlain (1993)
investigated FA in canine teeth museum specimens of 21 species of Old World primates
(including common chimpanzeed’an troglodyte} gorillas (Gorilla gorilla) and pre

industrialised humans. It was found that in males, mean FA was significantly correlated with
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measures of sexual select such as canine size and dimorphism, causing the authors to

speculate that FA in canines was used as honest signals of phenotypic quality.

1.3.7 FA in humans

More widespread research on FA has been conducted in modern humans and is thought to
play an inportant role in perceived physical attractiveness. FA has been linked to several
mating behaviours leading to assumptions that it conveys information about physical
condition. As with primates, humans lack conspicuous ornamentation and are ideally
bilaterdly symmetrical in both the face and body. From previous animal literature, there
appears to be a wealth of literature supporting the supposition that FA is correlated with the
physiological condition of the organism and in some studies, is a trait thppéars to be
selected for. This has provided the basis for research investigating the extent to which FA is
both related to physical condition and is a trait that is preferred (usually encoded into

attractiveness) in humans.

Thornhill and Gangestad (19ptested the hypothesis that low FA should be preferred

in bodies. They measured FA in seven bodily (but not facial) traits in both men and women
from a college sample, and asked them how many sexual partners they had had in their
lifetime. After partialing out age (as sexual partners can be expected to increase with age),
significant negative correlations were found between FA andegatirted sexual partners in

both men and women. Higher symmetry was thus associated with more sexual partners. It
appeas that more symmetrical bodies are rated as being more attractive (Brooks &
Pomiankowski, 1994; Concar, 1995) so one might be tempted to conclude that bodily
symmetry is used to determine physical condition by observers. However, whilst these

studies proue evidence for a correlation between FA and sexual partners and attractiveness,
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it would be near impossible to use body asymmetry to make mate choice decisions as

clothing would conceal the cues.

The face (another ideally symmetrical body structure) hewes constantly visible
and so a more likely hypothesis is thatHA is used as a cue to physical condition, it is most
likely to be assessed via the face. In humans, the face is thought to be central in mate choice
(Perrett et al., 1998) and in thagp, standards of facial beauty were thought to be set by
tightly shaped cultural conventions (Rhodes et al., 1998). However more recently,
evolutionary biologists suggest that there are common visual cues that underlie attractiveness
across cultures andhe reason for these cues being preferred is because they might convey
condition information (for example Perrett et al., 1999; Jones et al., 2001). Much of this
HPSLULFDO ZRUN KDV EHHQ LQYHVWLJDWLQJ )$TV UHODWLF
report positive relationships with FA and attractiveness (e.g. Rhodes et al., 1998; Perrett et
al., 1999; Jones et al., 2004), especially in short term mating behaviours (Gangestad &

Thornhill, 1997) because of its link to robust genes.

A key assumptiorof the honest signalling hypothesis is that these traits (like FA
among others) boost reproductive quality. Manning, et al., (1998) looked at the relationships
between FA of finger lengths and ejaculate size and sperm quality (motility) in men attending
aninfertility clinic. It was found that absolute FA (an aggregate measure of deviation from
zero) of the fingers was negatively correlated with sperm number per ejaculate, as well as
sperm speed. Furthermore, men who were being treated for extremely low)(sperm
counts (azoospermia) were found to have a much higher degree of FA. Firman et al., (2003)
also found that sperm quality was negatively related to FA of body traits (ear and foot
lengths, wrist, elbow, ankle, and foot widths, as well as theHengjtdigits 24 on the hand)

in healthy men.
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To a lesser extent, FA has been associated with psychological condition/health. Like
SK\WVLFDO FRQGLWLRQ SV\FKRORJLFDO KHDOWK LV DQ LP
choice preferences as factors sucimgaligence are preferred because of its correlation with
resource acquiring ability. Shackelford and Larsen (1997) assessed whether psychological
and emotional wellbeing was related to FA in the face. Two samples of students (both men
and women) complete various personality, depression inventory and emotional control
guestionnaires alongside daily diaries over a course of four weeks. It was found that men with
greater facial asymmetry reported greater emotional instability and higher depression than
moresymmetrical men. This trend has also been replicated using FA in body traits (Martin et

al., 1999) and by using IQ as a measure of psychological condition (Furlow et al., 1997)

1.3.8. FA Summary and Alternative Explanations

In summary, it appears that HA present in many species and evidence points towards it
being an honest indicator of a range of physical and psychological traits thought to be
important in mate choice. However, the majority of studies report quite subtle deviations
from perfect symmeyrthat would be particularly hard to assess in less than perfect lighting
conditions or from a distance. This has led some researchers to question the plausibility that
observers are actually using FA as an indicator (or signal) of condition (Mgller &
Pomiankowski, 1993). Swaddle (1999) for example reported a recognition threshold in
European starling§Surnus vulgariy, which means they cannot discriminate FA's that are
less than 1.25%. Swaddle observed that in nature, FA's are often smaller thandthis, an
concluded that relying on symmetry alone is implausible, despite the overwhelming empirical
evidence that females appear to prefer symmetrical mates. A somewhat similar pattern has
been found in humans. For example Scheib et al. (1999) found that thersigmificant

negative correlation between FA and rated attractiveness in men's faces. However when
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asked to judge the symmetry of a face, they were unable to do saaeutinacy This
suggests that in humans, whilst symmetrical faces are more attrélséveymmetry of the
face is not directly discernable and that a similar recognition threshold (as found by Swaddle

in birds) is in place.

The subtk nature of FAis in contrast to many honest cues that are extremely
exaggerated and conspicuous. Both Rigi®30) and Zahavi (1%J would argue that in
time, if a cue is used as a signal of quality, it would become more exaggerated until-the cost
benefit balance cannot be sustained. This suggests that FA may in fact-peodumt of the
selection process dhat it is taken into consideration with other, more pertinent cues of
condition. To demonstrate this, Johnstone (1994) created a computational model using basic
artificial neural networks that were designed to mimic the selection process of symmetrical
tail feathers. This network suggested that FA is indeedprdjuct of the selection process
and not a signal in its own right, which provides an explanation of why it is often very subtle.
He explained that in the network, the population mean FA is rerafletely symmetrical)
and female preference in subsequertstrappears to prefer that of the population average,

meaning that low FA is preferred even in the absence of a link with quality.

1.4. Testosterone, 2D:4D and the Male Face

Males and femake are often conceptualised as being at either end of a continuum with no
interplay, however this definition is not as cleat as initially thought. The qualities
GHILQLQJ pVH[Y DUH LQIOXHQFHG LQ D QXPEHU RI ZD\V DVL
differences (Neave, 2008). Unlike sex chromosomes that are digital in their makeup (with
either an XX or an XY), hormones are more analogue in their excretion allowing for males

for example to lie closer toward the middle of the continuum and some fetondlescloser
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to the male end. Of interest to many evolutionary biologists/psychologists investigating mate
choice, has been the role played by the gonadal sex steroids. In particular researchers have

attempted to investigate the extent to which they dateidt to mate choice characteristics.

The principle male sex hormone is testosterone (T), secreted primarily in the testes in
males. During foetal development, the foetus is bipotential during the first six weeks and can
develop into either a male or fermallhe amount of prenatal testosterone exposure to the
foetus is under control of the sex chromosomes died the 6week point the absence of
androgens such as T will result in the development of a female. The development of males
relies strongly on theecretion of T and its metabolites from week 6 onwards which further
influence gene expression and the volume of exposure to prenatal testosterone. This has a
marked, longterm organisational effect on the body and brain. The role of T does not stop at
birth and also plays a large role in the expression and organisation of secondary sexual
characteristics and matgpical behaviours that are particularly salient gmdberty. It is also
linked to sperm counts (Manning et al., 1808n addition, T is an imunosuppressant and
plays a significant role in the handicap hypothesis, as males in good condition, carrying the

handicap of high T are preferred (Folstad & Karter, 1992).

The majority of research in the realm of sexual selection has placed a partcukar f
on the organising effects of testosteroneutero (prenatal testosterone or PT). Degree of
exposure during foetal development appears to share relationships with traits preferred by
females such as dominance, masculinisation of facial features (Keale 203), physical
strength (Manning& Taylor, 2001)) and cardiovascular fithess (Honekopp et al., 2006).
Measuring prenatal testosterone directly is invasive and rarely feasible so many researchers
use a proxy measure which is thought to be cogeélatith PT levelsn utera the relative
ratio of the length of the second and fourth finger digits (2D:4D). 2D:4D is sexually
dimorphic with men having somewhat lower ratios than women (i.e. tidinger tends to
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be long in relation to their"2 finger). The development of both the digits and the testes in
humans is under the control of thiex gene family, and lower finger ratios are indicative of
higher testosterone exposure utero and in higher sperm levels, which is why it is

speculated that 2DBtmay be related to fertility (Manning et al., 1998

1.4.1 Testosterone, strength and physical fitness

Selective pressures in human evolutionary heritage are thought to explain why the sexes
differ in athletic performance (Honekopp et al. 2006). TMs WKR XJKW WR EH DV D UF
organisational effects on the cardiovascular system (Manning & Bundred, 2000) as well
having steroidal effects on the muscles (Fink et al., 2006). Successful performance in many
sports relies heavily upon the cardiovdacsystem and the muscles, and in terms of athletic
performance males typically outperform females in the region of around 10%, despite
increased female participation in sport (Coast et al., 2004). These dimorphisms are most
likely due to an interactiomf a multitude of factors including strength, maximal oxygen
uptake (VGMax), anaerobic threshold as well as more social factors such as training
intensity and frequency (Manning & Hill, 2009). Many researchers believe however that
these sex differences mdave arisen as a result of T (Andersson, 1994), and its proxy
measure 2D:4D has been compared to performance in number of sports and examples of

athleticism in both men and women.

Manning and Taylor (2001) suggested that competitive sports might piixass for
malemale fighting ability (i.e. intra sexual competition) because of the comparative demands
they have on visuapatial judgement, speed, endurance and strength. The authors use the
example of football (soccer), as it requires all of the abattributes during a 9Minute

game. A preliminary study was first conducted by correlating male 2D:4D with their
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subjective ratings of ranking within their desired sport using a L#tght scale (with 10

being of international quality). Results revehle significant negative relationship between
2D:4D and their ranking on the scale providing preliminary evidence for a performance/PT
relationship, with those ranking themselves higher on the scale having more masculinised
digit ratios. A followup studyspecifically looking at both professionals and controls found
that the top ranking players (who had represented their country) had significantly lower
finger length ratios than controls, reserve players, and players who had yet to play for their

country.

This pattern of lower digit ratio and athletic performance also holds for many other
sports and activities such as endurance running (defined as continuous running over 1km), a
sport where typically men are faster than women. Manning, et al., (2007) wadjest
around 25% of the variance in endurance running performance can be explained by 2D:4D in
both men and women. Furthermore male performance in surfing (Kilduff, et al, 2001), and
fencing (Voracek et al.,, 2006) are also negatively related to 2D:4Bhwthe authors
DWWULEXWH WR ERWK WHVWRVWHURQHYY RUJDQLVDWLRQLCL
the central nervous and musculoskeletal systems as these sports require preesse hand
coordination. Other studies have attributed 2D:4D p@dormance in sport to the steroidal
effects PT has on the muscular system (i.e. strength). Performance in handgrip strength
measurements (a good correlate of overall body strength) has sometimes been found to be
related to masculine finger ratios in @sscultural sample (e.g. Fink et al., 2006) as well as
in rugby (Bennett et al., 2010), sumo wrestling (Tamiya, et al., 2012), and sprinting speed

(Manning & Hill, 2009).

1.4.2 Gauging strength and fitness in human male face
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Physical strength and fitnease preferred in men for the obvious survival benefits for both

the man himself, as well as the ability to protect offspring and successfully hunt for food
(Buss, 2004). Such abilities seem to be influenced by PT from the wealth of studies outlining
relaionships between prenatal testosterone, and performance in sport. Physical strength may
not always be accurately discernable from body shape (e.g. obscured by clothing) and
cardiovascular fitness is not directly observable from body shape, which has deth¢o
researchers attempting to find honest cues to these traits in the face. PT has previously been
found to masculinise faces in a variety of different ways, and these traits have been linked to
dominance and masculine behaviours that have led somectessao hypothesise that other

traits such as strength can also be observed in the face.

Fink, et al., (2007) wanted to establish whether women could detect strength in male
faces. This viewpoint pertains to strength being istetually selected for & protection
EHQHILWY 7KH DXWKRUV PHDVXUHG PDOH KDQGJULS VWUF
women to obtain ratings of attractiveness, dominance and masculinity. Mean handgrip
strength (after controlling for height and weight) was positivelyetared with all three
measures, suggesting that it is possible for observers to (rather indirectly) detect strength

from the face.

The evidence presented in the preceding sectiakes it tempting to agree that
human evolutionary heritage has developgd aesult of intersexual preferences because of
the lack of apparent intreéexual conflict. However, an alternative viewpoint is that primarily
strength in men should have evolved for irdexual purposes. From an ingexual point of
view, the abilityto gauge strength (i.e. fighting ability, formidability) before a makde
FRQIOLFW VHHPV KLJKO\ ORJLFDO DV 3GHFLViofs@WenWR XQG
XQFHUWDLQW\ FDQ EH UHGXFHG® 6HOO HW DO ) S
suggests that evidencefict does not point in that direction. Instead Puts argues that male
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traits are better designed for ingaxual competition and this has been the driving force for

their development rather than via ins&xual selection. Puf2010)points out that these so
FDOOHG pGHVLUHGY PDOH WUDLWYVY VXFK DV LQFUHDVHG |
strength, fitness, and dominance in fact should have evolved in response ‘&egacnatests

rather than ornaments (defined as a tila#t evolved and contributes to fithess primarily

through female preference). Same sex contests override other methods of sexual selection
because if only winners are given access to females, then there is no opportunity for female

choice (or coercion) ahno need for sperm competition.

Sell et al. (2009) also stated that irsexual conflicts should be preceded by a visual
assessment of the opponent before engaging in combat in order to gauge formidability in an
effort to avoid physical conflict with nuln stronger males. It is thought that this cognitive
architecture should be present in humans because during our ancestral heritage, evidence
suggests that anatomical differences in upper body strength evolved to inflict injury on one
another: Men have appximately 7585% greater upper body muscle mass than women but
only 50% greater lower body strength, for example. To test human perceptual abilities in
assessing strength, the authors conducted a number of studies assessing the upper and lower
body strenth (measured via weight lifting machines in a gym) in both men and women and
displaying either photographs of their whole body, just their faces or just their bodies to
judges. Instead of the rather indirect ratings of masculinity and dominance as Rhk et
(2007) used, Sell et al. asked judges to directly rate perceived strength, and whether they
thought the person would win physical fights (a measure of formidability). It was found that
strength could be accurately assessed in pictures of males wharlsegvorked out at the
gym when viewing face and body, slightly less for the body alone, and less again (but still

significant) for the face only. This also held for perceptions of fighting ability, as this
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measure was significantly positively correlatéd WK WKH PDOHVY VWUHQJWK VI

their upper body strength.

Two subsequent studies sought to extend this to both men and women who did not
regularly work out at gyms, in addition to a crasttural sample of stimuli. It was found that
in a culturally matched sample of stimuli and raters, similar degrees of accuracy were
observed for strength perception of the whole body, body only and face only conditions in
men, and whole and body only shots in women. However, accuracy diminished whgn rati
ZRPHQYV IDFHV IRU V\WAtulthbrg) 3ample, itQuasViduHd that Rtkelgth could be
accurately gauged in the faces of both Andean and Tsimane populations. Overall Sell et al.,
(2009) concluded that these assessments of strength (independdotdpfsize) were
specifically related to upper body strength rather than lower body strength in fitting with the
hypothesis that this perceptual abilitygyrhave evolved to assess fighting ability in mas

the upper body is most relevant to formidability

Whilst the literature on the relationships between male strength and the face seem
rather clear cut, the ability to accurately observe cardiovascular fithess seems less robust.
Cardiovascular fitness, a key component in performance in many sports sesheyd a
relationship with PT exposure that goes towards explaining the dichotomy between men and
ZRPHQ OHQYV KLJKHU SHUIR terbeding attiiti€sDs pediited Bovbe X O D U
as a result of intreexual conflicts and the ability to hunt (segting intersexual abilities)

(Manning, 2002). Therefore, one might argue that cardiovascular fithess should be observable
in a similar fashion to strength in the face to act as a cue to both men (from esexush
view point) and women (intersexually$urprisingly few studies have investigated this and

the ones that have may be confounded by methodological limitations.
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Honekopp, et al., (2004) investigated whether physical fitness was visible in the facial
attractiveness of women. Whilst the resuitgially indicated that this was indeed the case,
one might argue that their measure of fithess (the Haro fitness test) measured all round fitness
(encompassing cardiovascular capacity, endurance and strength) rather than just
cardiovascular fitness, thusaking it impossible to speculate as to its contribution to facial
beauty. Similarly, Williams, et al., (2010) sought to find a relationship between performance
in the National Football League (NFL) Quarterback (QB) aptitude test and facial
attractivenessgas rated by women, thus tapping into intersexual mate choice) in men. Using
the same theoretical underpinning that the face displays underlying condition dependent
information thought to be testosterone related, they found that performance on theeest (gi
DV DQ RYHUDOO SHUIRUPDQFH VFRUH RQ SDVVLQJ DQG
positively related to their facial attractiveness as rated by a sample of young women.
+RZHYHU 1)/ 4%V GRQITW MXVW UHTXLUH KLJkKarded)J@LRYDVF
strength in order to execute and overcome tackles (and thus train accordingly) meaning these

ratings of attractiveness may be based on strength rather than cardiovascular fitness.

1.4.3 Summary

It appears that testosterone, particularly dihganising effects of PT, are linked with male

typical characteristics such as physical strength, fighting ability cardiovascular fithess. Some
of these characteristics such as dominance, cardiovascular fitness, and PT exposure are not
readily observabland so must be inferred. Although it would seem that strength might be
inferred from observations of build and visible muscle mass, depending on the activities one

pursues this might be difficult, especially if the person is strong yet lean (for example;
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dancers). The majority of research concerning the cueing of such traits has concerned the

face, as it is known that many other ravservable characteristics are encoded in it.

Aspects such as strength and fighting ability seem to be observable via ¢he fac
especially when men judge male faces. This is in line with intrasexual selection theory and
the markers of strength in faces also seem to be under control of prenatal testosterone.
Cardiovascular fitness has been seldom researched in relation to whreti@rit can be
inferred from the face, with relevant studies confounding cardiovascular fithess measures

with strength measures.

Aside from there being a wealth of information concerning the honest signalling
capacity of static cues such as the facey Vitle is known about the signalling value from
other types of cues. Whilst static images of faces provide very convenient laboratory stimuli
that can be carefully manipulated and controlled, they fail to capture the richly dynamic
nature of human lifeDespite this, the use of dynamic courtship displays as a means of cueing

condition dependent information in the animal kingdom is quite well documented.

1.5. The assessment of movement as an honest cue to mate quality

Some researchers have investigathd éextent to which movement can signal physical
condition and be used in the assessment of potential mates. From a theoretical standpoint this
makes sense as i) the ability to move relies upon sensory and musculoskeletal systems, which
are probably condiRQ GHSHQGHQW LL LQGLYLGXDOV DSSHDU W
biological motion (considered in greatitail in section 1.6), jiunlike very subtle cues like

FA, movement is readily visible and iv) some information, particularly in the face cdrijm

can only accurately be conveyed via movement such as facial expressions and emotionality.

However, despite this potentially rich avenue of cues, movement research has been scarcely
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applied to questions regarding signalling or mate choice even thbisgiinexplored avenue

of sexual selection was identified over ten years ago (Farnell, 1999).

InreatOLIH VLWXDWLRQV ZKHQ VRPHRQH LV MXGJLQJ D S
is most likely (with the exception of dating websites etc) that the n@WX DOV IDFH L
dynamic, and this displays information on expressiveness, eye gaze and emotion, and is
omitted when the face is static (i.e. a photograph). Rubenstein (2005) conducted experiments
aimed at identifying whether ratings of attractiveness #ferent if the stimuli are presented
differently (i.e. static or dynamic). To create the dynamic stimuli, Feigiit females were
asked to read a passage in a neutral expression in front of a video camera (variables such as
hair and jewellery were covetBemoved). To maintain control, the static images were taken
from the dynamic trials. Both static and dynamic conditions were presented to participants in
a rating component (making sure to only show each face in one format) and facial
attractiveness wasstablished. Rubenstein found that ratings of attractiveness of the static
face did not necessarily correlate with ratings of the same face in the dynamic form. In
conclusion, Rubenstein suggested that different evaluative standards are used when rating
atractiveness depending on how the face is presented. In a second study, Rubenstein
investigated the differing evaluative methods of how a face is rated to be attractive. It was
predicted that features such as emotion are more salient in dynamic trithésaedvhat was
producing the effect found in the first study. By using the same stimuli outlined in the first
study, participants were asked to rate both perceived emotion and attractiveness of either the
dynamic faces or the static faces. It was fourat {as expected) emotion ratings were more
variable from the dynamic trial (supporting the notion that emotion is more readily available
in dynamic trials) and that emotion and attractiveness were positively correlated. Static faces
were generally percedd as neutral. It was concluded that the evaluation of static images is

based on structural information as this is the only information available in a static face, and
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that different evaluative methods are used when rating the attractiveness of dynamasfac
different characteristics are available, such as emotion. Such an investigation suggests the
wealth of static facial studies investigating attractiveness do not tell the full story and that
dynamic cues perhaps override structural characteristics whey are available to the
observer.

Whilst this highlights the importance of motion in relation to human facial
attractiveness, other more global movements of the whole body that should seemingly be
more conspicuous (as the ability to discern expressard emotion requires quite close
contact) are still under researched in humans. However, as with most work regarding
evolutionary principles, comparative literature provides relevant research relating to
movement as a signalling mechanism in the realsegtial selection. It is well documented
that gait and certain specialised movements are viewed as courtship displays in which males
signal both their interest and mate quality to observing females. In a recent review of the
comparative literature, Byerst al. (2010) stressed the importance of reliable indicators of
genetic quality in a male, and noted that because of the absence of extreme ornaments in
many mammals, females judge males based on their motor performance. The authors suggest
that movementsi in fact a better indicator of quality than static cues because it allows for the
assessment of quality in a much more honest way thus reducing uncertainty in mating
decisions. Vigour and skill are two features that are predicted to be particularlyantport

aspects of male quality that are used by females in order to accurately gauge mate quality.

Vigour (or fitness) is an aspect of movement that cannot be faked and crucially is an
HISUHVVLRQ RI D PDOHYfV IXO0 JHQRPH DQé&orgddiSivXUHV |
including his ability to resist parasites and his immunocompetence. Several researchers have

UHSRUWHG WKDW IHPDOHY DVVHVV D PDOHYYV JHQHWLF TXD
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The second factor is that of motor skill. Whereas vigour is a general measure of
physical fitness, skill involves precision and coordination which Byers et al. (2010) suggested
is a better measure of genetic quality as it encompasses factors such as health, the
musculoskeletal, nervous and sensory systems, as well as developmentizl faplays of
motor skill vary among species, and whilst in the past researchers have observed these
displays and generally speculated they are selected for because they provide a reliable
indicator of quality, Byers et a(2010)argue that it is thekdl of the movement that is of

particular importance.

1.5.1 Courtship Displays in Practice: Spiders

Several researchers outline the curious vibrating and drumming displays some species of
male spiders use to attract the attention of a female that kraraegample of vigour. Female

wolf spiders(Chizocosa lycosidgefor example base their mate choice decisions on the
frequency of body shakes and leg rises in males (Rypstra, et al., 2003). Hebets and Uetz
(1999) report that male wolf spidessridulate produce vibratory sounds) their abdomen on

dry leaves thus producing a drumming sound and is thought to be the key selective force in
female choice. Kotiaho et al. (1996) experimentally induced this behaviour by creating
mating environments in plastic baxsvith dry birch leaf bases and observed female choice
over several pairings. It was found that males who drummed with greater frequency (i.e.
more vigorously) were selected by females for mating. This pattern of abdomen movement
has also been extended ftmnelweb spiders(Agelenopsis Aperja Singer et al. (200)
reported that males with greater frequency of abdominal swinging were much more likely to

mate with a female.
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Clark and Morjan (2001) describe different dynamic courtship displays in male
jumping spider{Maeva inclemer)s The authors studied two varieties (or morphs) that mate
with a common female, in order to investigate the effectiveness of different courtship
displays. The authors noted that the two spiders display different courtshipdugbavhen
trying to attract a female. The tufted morph starts by positioning himself around 9cm from the
female and standing up and waving his front legs in the air vigorously and swaying his
abdomen side to side. The grey morph stands closer to the f@ralaed 3cm) and while in
a prone position slides back and forth with his first two pairs of legs pointed forward in a
trianglelike configuration. Both morphs are physically distinctive and use different motor
displays as a way in which to attract theeation of the female. However both morphs share
the same degree of success with regard to offspring. It is suggested that such species of
spiders use courtship displays to attract the attention of the female as her preference for a

mate is solely down tevhichever she sees first.

1.5.2 Courtship Displays in Practice: Birds

Whilst spiders appear to be using vigour as a method of attracting attention of females in
mating contexts, several species of bird demonstrate both vigour and skill alongside their

vocal performances.

Many researchers have observed that birdsong production is selected for in many
songbirds (Nowicki et al., 1998). From the outset, birdsong seems like an unlikely test of
%\HUV HW DO V SUHGLFWLRQ RQ PRWRUEVENUBOtNIG YLIR
motor skill. Nowicki et al.(1998) addressed the question of why birdsong seems to be
selected for in many male birds by suggesting that the underlying mechanisms are indeed

dependent on male condition. In order to sing, birdgehi® have intricate control of
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breathing, syrinx and vocal tract modulations, i.e. birdsong relies on motor skill. A key aspect
of birdsong is that it has a large learned component and depends on cultural transmission for
its expression (Nowicki et al.0P2).Searcy et al. (1985) for example found that in male song
sparrowgMelospiza melodig a lack of song tuition leads to minimal response from females.
Furthermore, male song sparrows deafened before they had the opportunity to learn a song
repertoirereceived no female interest at all (Searcy & Marler, 198@wicki et al., (2002)
demonstrated that song learning is very important and females respond strongly for well
learned specietypical songs. These studies demonstrate that whilst skill andyah#y be

very important factors, in complex cultdoeund aspects of behaviour, learning how to

utilise these abilities from peers is of equal importance.

Similar to the motor skills involved in singing, whole body dynamic courtship
displays too rely hedly on many of the same underlying condition dependent systems.
Williams (2001) investigated the song and display patterns of Zebra Fifithesiopygia
guttata) and suggested that song accompanies plumage erection and ritualized locomotion.

Williams statel that all birdsong by the finches was accompanied by dynamic performance.

More recent research investigating birdsong and courtship display has provided an
interesting theory that might explain why song and dance are often closely related to one
anotheras well as why some birds (particularly those who can vocally mimic sounds) can
follow a rhythm. Both the African greparrot Psittacus erithacuspnd sulphucrested
cockatoo(Cacatua galerita eleanojaare ableto rhythmically move to a beat (auditory
entrainment), a characteristic once assumed to only occur in hurates, et al., 2009). It is
thought that the trait of vocal mimicry is closely related to the ability to move in synchrony
with a beat, as the brain mechanisms involved (thel lgasgliaand supplementary motor
areas) are related. Patel et al. predicted that such mechanisms evolved similarly in humans in

that the ability to dance/move to a beat evolved as-prdguct of a function that primarily
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allows us to mimic sound (i.e. learning ¢arage). Schachner et al. (2009) investigated the
hypothesis that auditory entrainment evolved as-prbguct of vocal mimicry. The authors
predicted that all species that sing or have a vocal mimicking ability should exhibit signs of
an auditory entrainent capability. In order to investigate this, they presented a novel
auditory beat stimulus to an African grpgrrot and sulphucrestedcockatooand found that

during presentation, the two birds displayed head bobbing and foot lifting in time with the
beat (neither had been trained to respond to acoustic material before). To further their support
for the hypothesis, the authors conducted a video database search investigating whether non
mimicking species also had entrainment abilities. It was found thigtneimicking species

and humans possessed the ability of entrainment. Such evidence does suggest that
entrainment is a bproduct of vocalmimicry and provides compelling evidence that both
auditory entrainment (dancing) and movement are inextricabledinland explains why

dancing is often to a specific beat.

Of course not all birds sing but many perform courtship rituals much akin to dancing,
and females attend to these displays to make mate choices. Several researchers have written
about the often unusl motor displays that male birds make. For example Prum (1990)
describes male manikingvespipridae) as performing backward slides along branches by
moving their feet incredibly quickly. Scholes (2008) also described courtship movements in
birds of paadise(Aves paradiseaeidaeéncluding horizontal perch pivots, head tilting, hops
DQG FKDUJHVY VKDNHV ERXQFLQJ DQG pPpEDOOHULQDY GDQ
birds with bright plumage (like the manikins and birds of paradise) have deveiugssl
motor skill displays as a secondary adaptation to enhance the visual stimulus of the plumage

thereby increasing its visual impact.
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In hummingbirds(Calypteanng too, males perform dive and shuttle displays to
protect territory from both other malesmd females attempting to steal his nectar supplies
(Stiles, 1982). These seemingly aggressive displays also function as courtship displays
LQFLWHG E\ IHPDOHVY SRVVLEO\ WR DVVHVV WKH PDOHTYV D
a rather compleseries of aggressive dives and backiforth shuttle displays accompanied
by high intensity singing preceding copulation during the mating season. He concluded that
these displays are used to assess potential mates and have evolved to be long andocomplex
DLG WKH IHPDOHYV GHFLVLRQV &ODUN IXUWKHU QRW}
and courtship related) hold the record for velocity attained by any vertebrate showing that just
as females can generate extreme ornamentation in malede ferate choice may cause
males to perform dynamic courtship displays at near intrinsic performance limits which
would require peak physical quality to successfully perform. In other species, females have
been found to prefer males who perform close tansitc limits of muscular and vocal
abilities, which strongly suggest this is a way of assessing overall condition (Bostwick &

Prum, 2003, 2005).

Finally, more recent research by Barske et al. (2011) also found that courtship motor
displays by males werenaimportant consideration for female goldesllard manikins
(Manacus vitellinus Males perform elaborate and acrobatic courtship displays on branches
FDOOHGV QMR P SGCTASSaMEE jumping extremely quickly between saplings on
branches and dgkly producing snapping sounds with his wings; in between jumps he
temporarily freezes and shows off his golden throat feathers, presumably to provide
additional evidence of his quality. These displays are energetically costly to the male and
require himto be in extremely good condition to perform these feats. Females observe
multiple males before deciding which one to mate with, suggesting that these displays are

indeed a form of assessment. Interestingly, Bamdisel. (2011)reported research that
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indicates that the motor patterns evolved before morphological static traits such as plumage
colour, suggesting that the latter evolved as secondary traits to further highlight the motor
skills. To observe such feats, the authors deployed-dpgkd video camas into bird
habitats and recorded over the mating season. In addition to this, prior measurement of beard
(golden chest plumage) and body weight as well as tagging took place. The authors found
that females are extremely sensitive to such displays andliseern differences of only a

few milliseconds and prefer (and preferentially mate with) males who are faster. Even small
differences of tens of milliseconds profoundly impacts female preference. Furthermore,
higher male heamates were indicative of feale preference suggesting large metabolic
investment in such displays. As a result the authors conclude that females are using such

displays to assess cardiovascular function and overall condition.

In summary, it appears that birdsong and the accompamwsugl displays have
signalling capacities that indicate vigour and motor skill in birds; both cues are difficult to
fake and may represent honest signals of male quality. In many birds, birdsong and its
accompanying dynamic performance are primarily @sedourtship behaviours and selection
KDV OLNHO\ DFWHG LQ D zZzD\ LQ ZKLFK WR LQGLFDWH WR D
(1990)previously indicated thdindings in relation to static ornaments and features may not
be as clear cut as once tightiand other signals may be utilised by females in order to make
an accurate judgement. More recently researchers such as Byers et al. (2010) and Barske
(2011) suggest that assessment of movement displays may provide more easily accessible

information abat condition and that static cues serve to support such displays.

1.5.3 Courtship Displays in Practice: Mammals
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Unlike birds, acrobatic movement displays are not commonly described in mammals but

females are still thought to make mate choice decisiosesdoan movement.

Research on ungulates has identified courtship display patterns that are thought to be
involved in mate selection. Byers et al. (1997) observed the behaviour of pronghorn bison
(Antilocapra americanpand like many ungulates, the most sessful males are the ones
who maintain the largest harems. This requires males to often defend their harem by chasing
away other males, an activity that requires a great deal of physical energy and stamina
(vigour) for the two week mating period, duringhieh their rest and feeding time is
dramatically reduced. These harem defences were not fights between males (in the typical
intracsexual sense) but are defined as tight herding behaviours performed by male bison in
order to fend off other males and rownul females. Byers et al. noted that it is quite common
WKDW IHPDOHYV VWRS JUD]LQJ DQG ZDWFK D PDOHYV SHUIR
mated with harertontrolling males if the male successfully fended off-harem holding
males (Byers, 1994Byers (1997) also observed a curious courtship display of the pronghorn
WKDW KH WHUPHG WKH pFLUFOH FKDVHY ZKLFK LV WKRXJK!
male vigour. In a circle chase, a male seemingly initiates the chase (however it igimkno
this is true or the male is simply reacting to subtle, possibly olfactory cues from the female)
by rushing towards a female. The female then starts to run away (but not in an attempt to
escape the male) and performs tight loops changing directien aftd sharply whilst the
male follows closely behind but does not attempt to close in on the female. After

approximately 60 seconds the chase ends and the female returns to the harem.

Displays of agility and stamina male ungulates have also been doeunted in both
bison @ison bison)(Lott, 2002) and bighorn sheeyis CanadensisjHogg and Forbes

1997). Lott described how female bison often run away from a male the moment he achieves
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intercourse and males ofteamain on their hind legs until ejalation. Similarly, an even
more unconventional movement pattern, which is highly dependent on agility, strength and
stamina, occurs in bighorn sheep: here males mate with a female as she runs, which requires

extreme agility but proves to be quite succdg8yers et al., 2010).

1.5.4 Courtship Displays: Chimpanzees

Movement patterns in species such as birds are not necessarily representative of the origins of
possible human courtship displays, as it has been shown that such displays are indicative of
different aspects of condition. If dynamic courtship displays were used as an honest signal of
human mate quality and did evolve through sexual selection in the way that species like
spiders and birds have, then studies of our closest genetic relative nipachée could shed

some light on the origin of dynamic displays in humans.

ChimpanzeesRan troglodyteshave beershown to perform courtship movements.
Lawick-Goodall (1968) in her review of chimpanzee behaviour in the Gombe Stream Reserve
found that suc movements were almost exclusive to males. The author outlined six separate
behaviours that males perform to attract females: i) Bipedal swaggethig is a form of
courtship dance and includes firstly sitting or standing bipedally close to a fextalesien
of the hands and the releasing of the head while stepping side to side. ii) The sittingsaunch
typical courtship display seen predominantly in adolescent males. iii) Branefihegmale
may branch his arms out to the female. This is oftenmapaaied by swaggering. iv) Glaring
+more dominant males were observed being able to simply glare at a female to make them
approach and copulate. v) Beckoniaghe male sits in a bipedal stance and raises his arm

above his head and makes sweeping motionsrd her. vi) Tree leapingwhen both the
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male and female are in a tree, the male may swing from branch to branch and perform leaps
in a rhythmic fashion. He executes this while looking at the female. La@addall noted

that females positively respoed to 82% of the above displays if displayed by a more mature
male, however if the male was adolescent, response dropped to a rate of 77%. Whether or not
the movement itself is in any way related to maturity and thus an honest cue of maturity
remains to beseen. The bipedal display (or swagger) has been found to occur in most male
chimpanzees in only three contexts; courtship, charging display and frustration (Kuroda,
1984). Kuroda(1984) also noted that females do not receive any other visual sign of

courship other than the dance itself.

1.5.5 Summary

Comparative research has outlined that in many species, males perform complex dynamic
courtship displays, often at the very limits of their abilities, whilst being observed by females.
Much of this reseah has suggested that such displays have developed for the purposes of
mate choice as a form of honest signal that are impossible to fake. Byers et al. (2010)
outlined two common facets of these courtship displays: vigour and skill. Vigour is heavily
reliant on physical fitness, strength and endurance whilst skill additionally requires precise
motor control, which utilises the musculoskeletal and central nervous systems. Many studies
report that females indeed prefer males with the most spectacular amdusigbsplays

although none have reported whether or not these males have greater reproductive success.

1.6.Basics ofHuman Movement Perception
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In humans, research to date is just beginning to consider the potential signalling capacities of
movement irrelation to sexual selection. However, perceptual research has long considered
this avenue of studyl.he ability to detect motion in general is an ancient information channel
(Troje, 2003) and is oftea critical sense importanto the survival of an org&m as the

ability to accurately perceive motion can be the difference between life and (@@ath
example communicating and understanding cues from conspecifics of a threat in)thie area
addition, the ability to detect, track and hunt prey is anothameple of the usefulness of
accurate motion perception (Saygin, et al., 2004 gvolutionary terms, if motion detection

did evolve as a result of natural selection, then the ability to accurately identify other species
(i.e. threats) rather than beingnfimed to conspecifics would also be of benefit to survival.
Mather and West (1993) investigated whether humans are only proficient at perceiving
human dynamic cues or if they can discriminate between different species based on
movement alone and found thparticipantswere indeed able to accurately discriminate
between different animals based solely on dynamic cues, thus giving credence to the

hypothesis.

Research has also pointed out that motion detection (particularly that of biological
motion, a termcommonly used to describe the movement in organisms) is either innate or
develops extremely quicklyallortigara, et al. (2005) found that newly hatched chicks
showed preference for biological motion stimuli rather than rigid-biological moving
stimuli, suggesting that there is an innate mechanism for the detection and preferential gaze
for biological motion.This also extends to humamsfants only 12 weeksld can accurately
discriminate between upright and inverted walking motions (Berthnthdl, 8887) and this

ability is fully developed by eight monttd age(Hirai & Hiraki, 2005).
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In addition to detecting possible threats, humans use motion detection to gain
information on each other in social contexts via actions they perform every daxafaple;
GHULYLQJ SHRSOHYV LQWHQWLRQV -verHaBy ¥slng @&0résLioJ WR
response (Grossman et al., 2005). In addition, humans can use movement to identify people
we know solelyusingmovement cues in the absence of other visigalals, for example in
low light and in crowded areas (Cutting & Kozlowski, 1977). Furthermbi® even possible
to detect emotions and personality traits via such cues (Brooks et al., 2008; Bl ar .,

2007)

1.6.1Brain Reigons Involved in blogical motion perception

Due to the survival benefits and the usefulness of accurate motion perception in our highly
social world, we have developed specialised structures and neural circuitry that allow us to
make decisions based on movement very quiakdten without conscious awarene$svo

theories attempt to explain this rather extraordinary ability to detect biological motion,
especially that of other human beings. The first theory suggests that our increased sensitivity
to human movement is becausf a link between the vision and action centres of the brain

for example, our own movements may facilitate the movemensee (Prinz, 1997). The
second theory simply stipulates that because we see so much human movement, it increases

our sensitivity (Jbansson, 1973; Jacobs, Pinto & Shiffrar, 2004).

The neural network specific to biological motion perceptionbeen the subject of
much research and many researchers have begun to map out these areas using both healthy

and clinical brain trauma patients.
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Signalsfrom the eydravel down the optic nerve to the occipital lobe for processing.
Starting inthe visual cortex (V1)visual informationit is then transmittedo a variety of
areas for more specific processing. t&o-pathway theory by Ungerleider ral Mishkin
(1982 proposed that visual information was transmitted by the dorsal and ventral pathways
(known colloquially as thevhere and what pathwaysrespectively). Since then it has been
argued that this was too simplistic an approach and the perceyystem is in fact
intertwined with many other structure and areas of the brain that is beyond the scope of this

overview (for example Ungerleider & Haxby, 1994; Milner & Goodale, 2008).

Beyond initial visual processing, several specific areas have teetified in the perception

of biological motion in particularBeauchamp, et al (2002) ndtéhat several primate and
human studies have identified that the middle temporal (MT) visual area (sometimes referred
to as V5, an area on the border of the otaipand temporal lobes) responds to moving
stimuli (be it biological or not; Bonda et al., 1996). In addition to this, anterior and superior to
MT/V5 is the superior temporal sulcus (STS), a region that appears to respond to biological
motion such as hanetye, mouth and body movements (Allison et al., 2000). It is also
thought to be the site of synthesis for the dorsal and ventral streams (Vaina et al., 2001).
Beauchamp and colleagues set out to tease apart whether the same regions of the brain were
activaed when participants were shown pure biological movement, or the motions of tools
(whose motion is derived from human movement). Previously it had been noted that pictures
of tools elicited activation of the middle temporal gyrus (MTG) in the temporal lhilst
pictures not associated with human movements did Uitlising the functional magnetic
resonance imaging (fMRI) technique, 18 participants were shown either full body motion
(depicting many actions) or videos of tools being used. It was foustdvihole body
biological motion elicited strong activations of the STS whilst tool motions activated the

MTG.
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More specifically Grossman, et al., (2005) conducted a repetitive transcranial
magneticstimulation (rTMS) experiment to investigate which regiasf the brain were
responsible for the perception of biological motion in healthy volunteers. This technology
LQYROYHV D PDIJQHWLF FRLO EHLQJ ORFDWHG RQ SODFHYV
equipment either hyperpolarises or depolarises undegriyeurons using a rapidly changing
weak magnetic field. The aim of the technique is to either elicit responses in specific brain
regions or inhibit icterfere with) them. Grossman notes that patient groups with damage to
the STS have difficulty discriminiag biological motion from noiiological motion.
However such patient groups are still able to perceive ksvel motion processing such as
detecting speed and tracking as this is handled by area MT/V5 (Bonda et al., 1996), earlier on
in the processingathway. Using nine healthy volunteers, the authors temporarily disrupted
the functioning of the STS or area MT+/V5 and presented participants with animations of
actions such as walking, running and kicking. It was found that disruption to just the right
hemisphere posterior superior temporal sulcus (referred to as pSTS) was sufficient to impair
recognition and discrimination of biological motion perception from-bimogical motion.

'LVUXSWLRQ WR DUHD 07 9 KRZHYHU GL6&Gp&BMWarKédO YH DQ\ HI

Another strand of evidence for the involvement of the $T®iological motion
processingis from lesion and brain damage case studies whereby parts of the visual
processing areas have been damaged. This allows researchers to link du@smuoal
deficits with damage to specific brain regions. It has been found that even if more basic
visual processing pathways and structures have damage, participants still have the ability to
discriminate biological motion. Vaina et al. (2001) repoftedings involving lesion patients
such as AF who sustained injuries to the ventral pathways, including area MT/V5 but not the
676 'XH WR WKH 07 9 GDPDJH $) ZDV FODVVLILHG DV pPR

recognise human actions depicted in pdight displays. Vaina et al. however noted that
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patients with damage to the STS were unable to recognise the most simple biological motion
displays, but could still perceive object motion. In healthy participants, brain activation
(assessed via fMRI) wasbserved in the right hemisphere pSTS when gaght biological

motion was viewed, as well as when sequences of mouth and eye movements were seen.
Interestingly, although it is tempting to associate biological motion to primarily the dorsal
pathway, agvation of both the dorsal and ventral pathways was observed during presentation
of biological movement, suggesting that bethat and where pathways converge here to
provide such information. Furthermore, the cerebellum was also activated during motion

presentations

As identifying the intention and other highader information from human
biological movement can be seen as a social process, some research has attempted to link the
amygdala a brain region strongly implicated in the processing of emgtmthe viewing of
biological motion. Bonda et al. (1996) conducted positron emission tomography (PET) to
measure blood flow in the brain whilst participants viewed animations of either the frontal
view of someone dancingnarm/hand reaching out and gping a glass, or a geometrical
object that moved around. As expected, it was found that the pSTS was activated during the
body movement and hand grasping sequences. In addition to this, significant differences were
observed in amygdala activation betwetre body movement condition and the non
biological movement condition, suggesting an emotional response was triggered whilst
viewing full body motion. From a social context this makes sense as we constantly make
emotional connections with other people, #md finding demonstrates that this occurs even

from the known motion of a human being.

Other researchers have confirmed the activation of the amygdala and other structures

involved in emotion processing during presentation of body movements in fMRéstud
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Gelder, et al., (2004) investigated the perception of fearful movements that were videotaped
using semprofessional actors. The authors found that participants presented with whole
body fearful movements produced higher activity in such emo@tated areas (right
amygdala, orbitofrontal cortex, posterior cingulate, anterior insula, nucleus accumbens and
retrosplenial cortex). In addition to this, when fear expressions were viewed areas in the
motor cortex were also activated. Such evidence suggestsvhen viewing emotionally

charged fearful expressions in the whole body, the fight or flight response was initiated.

Finally, researchers have attempted to link biological motion perception areas with the
premotor cortex in the frontal lobe. Previotesearch has identified that action perception
DFWLYDWHYV VXFK FRUWLFDO DUHDV XVLQJ pPLUURU QHXUTI
action perception, and are using information from their own representations of such
movements when perceiving andderstanding the actions of others (Saygin et al., 2004).
Sayginet al. (2004)nvestigated whether or not human biological movement was sufficient to
activate the frontal cortex in this context. Using fMRI they found this to be the case with the
right hemisphere pSTS being activated in the same pattern of the frontal areas of the inferior
and precentral sulci, areas known to be important in action observation. It was concluded that
in order to accurately perceive the actions of others, one must adiiveiythe gaps using

information from our own motor system thus supporting the notion of mirror neurons.

In summary, it appears that there is a distinct activation of the right hemisphere
posterior STS when viewing biological movement. It has been pedpthat although this
appears to be the centre for biological motion processing (where the ventral and dorsal visual
pathways integrate), the brain utilises several other areas in order to accurately fill in the gaps
such as spatial integration (cerebeljuamd action perception (praotor cortex) as well as

the emotional circuit (amygdala) from very sparse visual information such as a selection of
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light points attached to a person walking thus indicating that movement is an integral cues to

social perceptin.

1.6.2 Methodology of Motion Perception and Person Identification

In order to investigate motion perception in an empirical way, a methodology that eliminates
DV PDQ\ FXHV WKDW FRXOG FRQIRXQG RU LQIOXHQFH SHRS
if judging the whether someone is male from a regular video clip, observers can use static
cues of the face, height and build in order to base such judgerippis.(1983) investigated

static absolutes (such as height and weight) and relative (shapgeoyds use to judge the

sex of an individual. Lippa(1983) outlined twentyfour bodies and asked eighsix
participants to judge whether the outline was male or female as well as whether they
perceived the outline to be masculine or feminine. It wasdatat the most important
features of the body used to judge sex accurately were waist and shoulder width. Lippa
(1983) FRQ F O X G H Gwaltednh¥gs bf Khd bbdy outline was a dominant cue to the
gender S This poses an inherent problem of hawadliminate static cues whilst
maintaining the pertinent movement informatidente et al. (1996) suggested that the
majority of investigations into neverbalbehavioumhave had to accept the confound of static
traits such as attractiveness and body shH@rause such cues are impossible to control for,

as even getting different actors to do the same task, inherently yields different results.

To combat these issues, methods have been developed that isolate only the most
pertinent cues of interest. A lardpody of research has focused on the motion cues necessary
LQ RUGHU WR PDNH DFFXUDWH MXGJPHQWYV RI DQ LQGLYL

indeed plays a large rolslethods that mostly control for the aforementioned confounds have
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actually been ¥ DLODEOH DV IDU EDF Nuldd\WavéK (1880 Yepbdried i V
Dagognet, 1992) was able to develop a fegbed photographic technique whereby many
GLITHUHQW SKRWRJUDSKVY FRXOG ILW RQWR D VLQJOH SOD\
inoUGHU WR HPSKDVLVH G\QDPLF LQIRUPDWLRQY ODUH\ SOL
blacksuited person and filmed them walking. The biggest issue however, was the quality of

the images produced; due to the hggleed technique, the quality of the imagasw
VLIQLILFDQWO\ GHJUDGHG ,W ZDV QRW XQWLO WKH TV
SULQFLSDO EXW DSSOLHG PRUH PRGH@@3)amDWasQd KDUG Z
produce a reliable method to exclude confounding information whilst keepingdytizmic

biological motion pertinent. He achieved this by dressing participants in black clothing (head

to toe) and attached light bulbs to the shouldeist, elbow, ankle, knee and hip joints. He

then darkened the room and filmed the participant usirggaadard video camera. This

provided very smooth,-8imensional animation. An early criticism of the said method was

that background markers could become occluded if markers in the foreground passed in front

of them. Johanssof1973) placedsome reflectivaibbon on the markers that overcame this

problem. When he showed clips to observers, he turned the contrast of the video up to
maximum and reduced the brightness to minimum in order to emphasize the points on the
screen rather than the remnants of thecsiire of the actor. He demonstrated that even with

very sparse cues (only 10 markers presented for 1 second) that all observers identified that

the clip was of a walking man. In a subsequent experiment he demonstrated that observers
had no trouble identjing various other activities via s6 D O O H GO1IRMWIW WLP XOL V X
running, dancing, cycling, painting and pregs. A further discovery was that if the

animation stopped, participants were not able to identify the marker outline as a human body

thus showing that motion was of key importance to person perception.
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Later, Kozlowski and Cutting (1977) addressed a key question on whether people
could perceive the sex of a walker purely from their movements. Using a variant of
- R KD Q (MR3Pmearthodiogy, three men and three women walked up and down a straight
line until the researchers were happy they were not deliberately altering their gait in the
knowledge they were being filmed. Filming was done from the sagittal view, approximately
eight metredrom the walkers and participants had reflective tape around their ankles and
small patches on the other joints. The authors randomised sixty trials (six walkers, ten times
each) and displayed them to thirty undergraduate students (fifteen men, fifteean)wom
Results indicated that correct identification occurred around 70% of the time but only after
one female walker was omitted. Other results include that best identification occurred when
the whole body was presented, but observers still performedisagiy above chance level
when viewing the upper body alone. When participants were asked which parts of the
movement they thought were male and female, 76% of participants identified shoulder sway
as indicating maleness and 100% of participants attdbhiip movements to females.
Curiously, in a subsequent experiment the authors demonstrated (albeit with a reduced
sample size of two male and one female walker) sex identification was possible from just the

ankles alone, although to only slightly aboverd®at 54% (however still significant).

The authors later presented additional data (Kozlowski and Cutting, 1978) that added
DGGLWLRQDO ZDONHUV DQG UDWHUTVY LQ DQ DWWHPSW
identification from ankle movements alone vepste poor, suggesting that more global cues
in the full displays are more pertinent for the perception of gender. Barclay et al. (1978) then
investigated the necessary display time a person needed in order to accurately assign gender
to point light walkes, and found that participants needed more time to make this decision
than to simply perceive the stimulus as a human walker (which was around 200ms in

Johansson, 1973), around 4.4 seconds. In addition to this Barclay et al. conducted a number
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of other expriments to assess conditions in which sex identification was impaired. They
found that observers could not accurately sex a walker if the presentation rate was slowed,
nor if points were aggregated into a single mass. The authors also considered thiaiaatdo

cue to sex identification was walking speed and stride length, however participants were still

accurate above chance even when these were controlled for.

Interestingly, if standard point light displays were inverted (showing -igimt
displays upsle down), performance dropped to significantly below chance, an effect
reminiscent of inversion effects in faces (Farah et al., 1995) (i.e. if an upright walker was
correctly perceived as male, the same display inverted was reported as being female). The
authors (with some caution) speculated that this inversion impedance may be due to the
difference in structural sway of the shoulders and hips. Males have broader shoulders and
females have wider hips (this is reflected in their sample) and these diferemase body
segments to sway more. The inversion effect reverses the position of the points on these
structures deceiving people into thinking that shoulders are hips and the hips are shoulders.
Bertenthal and Pinto (1994) however suggested that it wideely that observers are using
rigid relational cues (i.e. rigid relations between two or more joints, shape) or individual
movements of single poulights as these were similarly present in inverted stimuli. The
authors conclude that participants usebgl cues to perceive biological motion, and when
these are inverted, the form becomes less human in appearance because we have a stored,
orientationspecific representation of the human form, this is violated when the walker is

inverted thus creating trembiguity.

Several researchers have since replicated the sex identification finding as well as
extended it to recognition of specific people and themselves. Cutting and Kozlowski (1977)

demonstrated that by using sagitaw pointlight animations, pdicipants performed quite
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well when trying to recognise friends, often scoring above chance level (63%). Upon asking
participants how they came to such judgements, participants who were particularly adept at
the task were typically found to be using dynamues such as the bounce of the walk, arm
swing or speed; whereas participants who performed poorly at the identification task used
static cues such as height. In addition, Beardsworth and Buckner (1981) conducted a
replication and found similar result® ithe accuracy of identifying friends. There was
however an unusual advantage of participants being better able to recognise themselves than
their friends. This is something of an anomaly as humans typically do not see themselves

moving (unless looking ia mirror) (Loula et al., 2005).

One of the most informative papers was that of Runeson and Frykholm (1983) who
commented upon six different biological motion experiments. They discovered several
effects; firstly that participants viewing a person throwanry object (a sandbag) that is
invisible (i.e. the person is represented using the pointtggtiinique and the thrown object
LV QRW PDUNHG FDQ DFFXUDWHO\ SHUFHLYH WKH OHQ.
S D UWLF L Sup @axvehien® HoDtige liftingf an invisible object can produce accurate
judgements of how heavy the lifter perceives the object to be. Thirdly, a lifter cannot deceive
participants into the thinking the box is heavier or lighter than it actually is. Finally, the
authors investigatedender identification, and criticised Cutting and Kozlowski (1977) for
allowing participants more than one judgement of a gajht walker, claiming that
participants may have produced a high consistency rate due to the fact they may have
recognised thgpoint OLJKW ZDONHUV IURP SUHYLRXV WULDOV GXH
LUUHJXODULWLHY LQ WKH SODFHPHQW RI UH9BBHASHW RUV"™ S
increased the amount of poi@ LJKW ZDONHUV IURP DV LQ &XWWLQJ
20, half ofwhomwere adults and half were prepubescent children in an attempt to eliminate

the height of a poinlight walker as a confound. Instead of just walking, participants were
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asked to perform several tasks from walking and running, lifting bdesying blackboard
erasers and sitting down on a chair. This produced a varied video of typical tasks that one
might observe a stranger engaging in. Performance was relatively good on the task, averaging
75% correct identifications of gender with morerect responses for adult men and young

girls.

Further to the original gender study, Runeson and FrykHd®83) investigated
whether a person could actively deceive an observer into believing they were viewing a
member of the opposite sex. Actors wereegsto perform similar actions to those outlined in
the original gender experiment and either not told about gender to prevent self awareness,
over emphasise their own gender (i.e. act stereotypically) or try and act like the opposite sex
in the way they meed. Overall gender identification was correct in 85% of cases in the
natural condition (no deception) however accurate judgements were only slightly lower for
the full deception group (i.e. participants accurately judged the real sex of the actor despite
deception). This suggests that dynamic cues (even if the person is attempting to fake them)

can honestly signal the sex of a person.

Berry et al., (1991) devised an alternative method and attempted to replicate some of
the findings of Runeson and Frykholff983) (particularly that of gender recognition and
attempting to deceive observers using movement) claiming that-lgtihtmethodologies
were very obtrusive to participants, making them feel morecsel$cious having reflective
markers placed onto thiddodies, that could then be influencing their subsequent movements.

To control for this, the authors employed a regular filming technique whereby participants

did not require special attachments to their bodies. To obscure static features, the resulting
VLGHR FOLS ZDV pPuTXDQWL]HGY WKXV FUHDWLQJ D PRVDLF
series of 16x16 pixel blocks and each pixel in each block was standardised in colour and

luminescence to the mean colour of that block. The resulting clip obscatedsstuctural
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information but viewers were able to see the movement, as the mean light in each block
FKDQJHG DFFRUGLQJ WR the Kdénd(FaVaR the \ActSrRossadl tHRoQgh the
blocks the mean colour hue would chandd3ing such a tecloue observers were able to
accurately determine sex of a participant from the dynamic quantized display. However sex
recognition was less accurate than recognition from gigint displayssuggesting that point

light displays may be clearer and easigpriacess

Although the above methods are able to eliminate certain static confounds (such as
physical attractiveness), their reduction of biological motion to just a pattern of dots is not
ideal, as this is not representative of the way we see peole matural word. Furthermore,
due to the technological constraints at the time, the resolution of the presented stimuli was
low, and often relied upon degrading stimuli to eliminate familiarity cues that in turn affected
overall quality. Furthermore, altgh using pointight animations eliminates some possible
confounds, important factors such as height and build are not fully controlled for because the
markers are placed directly on the individual. Finally, many of the aforementioned studies
recorded wading from a sagittal view which minimises the emphasis of important aspects of
shoulder and hip sway (most likely to control for the different widths in males and females).
It is possible that even more accuracy in sex identification additional higherorder

information might be present when stimuli are presented at different angles.

Advances in technology over the past ten years have allowed researchers to remedy
some shortfalls in the basic poight method. Modern motion capture systems utilise
multiple high speed, specialist infrared cameras to capture reflective markers (PL) in 3
dimensions at high resolutions. They have introduced the ability to extract accurate
biomechanical joint kinematics for analysis. Moreover, researchers can now rdilistica
manipulate variables such as height and build in daght displays to exert control over
their stimuli by mathematically aggregating several optical markers.

52



Researchers such as Troje (2003) have adopted such systems and applied them to
perception esearch. Firstly, in order to validate such hardware, replications of previously
robust findings in sex discrimination have been conducted. Troje (2003) found that correct
sex classification occurred in 75% of cases and discovered that identificatiorptiaal o
when the point light walker was presented in frontal view. Previous research by Cutting and
Kozlowski (1977) revealed correct gender identification in only 63% of cases, only 13%
above chance; that, Troje argued, was due to the sagittal viewphsetuin those studies. It
has been suggested that the frontal view is the most informative because many diagnostic
cues are only visible from the front Pollick et al., (2005). The most pertinent cues were found
to be hip sway in females, similar to tludta catwalk model; a rather slim frame, elbows held
close to the body, the upper body displaying very little movement and feet placed one foot in
front of one another. In contrast, a stereotypical male movement is characterised by large
lateral shouldervZzD\ W\SLFDO RI D ZHVWHUQ KHURYV ZDON VWU

held away from the body with little hip movement.

,Q RUGHU WR JDLQ EHWWHU LQVLJKW LQWR WKH YLVXD
have manipulated and scrambled poighti displays to investigate the cues necessary to
accurately perceive a variety of attributes. Several researchers have investigated the effects of
inversion on perception of walking direction using a 3D motion capture system (Troje &
Westhoff, 2006; Chan& Troje, 2009; Hirai et al., 2011). It had previously been noted that
inversion inhibits accurate perception of walking direction (Bertenthal & Pinto, 1994),
similar to the deficits seen in gender recognition by Barclay et af8(1Barclay suggested
that this might be due to local poilghts of the hips and shoulders being swapped that were
confusing observers. Bertenthal and Pifit894)suggested that this may in fact be an effect
of a stored holistic representation of an upright walker becomirgjichwhen stimuli were

inverted. By scrambling the motion vectors for each ploght (thus eliminating the
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structural cues), participants in all three studies (Troje & Westhoff, 2006; Chang & Troje,
2009; Hirai et al., 2011) were still able to discerrkivey direction based on the foot marker
acceleration. This suggests that walking/facing direction at least determined via local point
light information given in the feet markers. No recent research to date has addressed the
guestion of whether sex infortian is derived from a holistic pohrtight animation or from

local point lights, although it seems logical given the evidence from Bertenthal and Pinto

(1994) that we perceive sex through biological motion in a more holistic manner.

A further novel findhg with modern 3D motion capture methods is that in the
identification of sex, people who are perceived as having a female walk appear to be walking
away from observers and people perceived as having a male walk appear to be walking
towards the observeBrookes et al.(2008) speculate that this could have evolved as a
PHFKDQLVP WKDW 3ZHLJKV WKH SRVVLEOH FRVW RI PLVLQV
For example, as males are typically seen as the more dangerous sex, the perceptual system
has evtved to make it always appear like a male is travelling towards you as a safeguard to

prepare the observer for fight or flight.

1.6.3Perception of emotiofrom motion cues

Aside from merely recognising the sex of people from their walks or the abiligctmnise
friends and oneself, other researchers have discotbetdocial characteristics such as
emotion appear to be encoded into human biological motion. Everyday movements may not
consciously be communicativdowever experience dictateshat many of them carry
messages (Bull, 2001; Pollick et al., 2001). By using day to day actions of the arm (knocking

on a door and drinking), Pollick and colleagues utilised modern, 3D motion capture recording
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equipment to record two actors performing these twimrs with ten affects (afraid, angry,
excited, happy, neutral, relaxed, sad, strong, tired and weak) following the reading of a brief
story (although details of the story were not giverfhe authors then showed 14
undergraduate students the pdight recordings of just the arm movements from sagittal
view and asked to name the affect from a list at the bottom of the computer screen.
Participants were also presented with inverted and scrambled variants of these movements. It
was initially found that manyf these affects were misidentified, prompting the authors to
further analyse only the key emotions of afraid, angry, happy, neutral and sad in knocking
movements. By using these basic emotions, recognition rose to 59% foligitimnd 71%

for full video. Viewing the scrambled, inverted displays resulted in poor performance (14%)
although more than half of participants recalled seeing human movement from such displays.
This indicates that based solely on podtL JKW DUP PRYHPHQW T \VogBigeUWLFLS|
several key emotions. However, more global dynamic cues (rather than just the arm motion)

may be required for more robust assessments.

Using a more basic methodology, Atkinson et al. (2004) investigated emotion
perception form biological motion. Ukk using modern motion capture methods as in
Pollick et al. (2001) and Troje (2003), the authors of this study used a technique very similar
WR -RKDQVVRQTV PHWKRG RI ILOPLQJ SDUWLFLSDQWYV
them in reflective tapeover selected clothing. Ten actors were instructed to portray
happiness, sadness, fear, anger and disgust in a large room that represented the motion
capture space in typical, exaggerated and extremely exaggerated formssikhsttydents
then rated theariants of the stimuli (poidight dynamic, poindight stills (horanimated),
full video dynamic, full video still) and it was found that (as expected) performance was best

in the full video dynamic conditions, followed closely by pdight dynamic simuli. Both
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still conditions yielded quite good results although were typically around 20% poorer than

pointlight dynamic displays.

Perception of emotion is also readily observed when viewing ightt dance
movements portrayed by sepriofessional dazers (Brownlow & Dixon, 1997). Using a
basic poirtight methodology akin to Johansson (1973) and Atkinson et al. (2004), observers
were able to very accurately judge happy from sad dancers. Sad movements were
characterised as na@nergetic, slow, sweepimgovements and in contrast, happy movements
were snappy, energetic and exaggerated. Dittrich et al. (1996) reported a more detailed
experiment, using this same methodology (albeit using a higher resolution recording device
and monitor) in comparison to stdard video clips. Two experienced dancers (one male, one
female) were recorded portraying a series of emotions (fear, anger, grief, joy, surprise and
disgust) using both poidight (upright and inverted) and standard recording techniques.
Seventytwo paticipants (36 male) then watched clips of the dancers and guessed which
emotion the dancers were portraying. It was found that emotion recognition dropped from
88% in the standard video recording condition to 63% in the {tigimt animated condition
(although still significantly above chance). Performance was near chance when viewing
inverted poirdlight animations suggesting that emotion can be recognized when structural
cues are missing but not when the global representation of a moving person isdviolat

(inverted).

The conditions necessary for accurate emotion percepsorg biological motion
cueswere later examined by Clarke et al. (2005). Unlike other biological motion studies,
these authors examined perception using interactions between tws awtucted to
express sadness, anger, disgust, fear and romantic love. Participants were shown many
configurations of these stimuli including upright and inverted versions of both actors
together, single actors, and single actors which were mirroredadtfound that emotion
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identification was good across presentation method for upright stimuli (apart from disgust
which was often misinterpreted as other negative traits like anger or fear) and degraded when
they were inverted or mirrored. In addition teeotions of romantic love and joy were
impaired when they were presented without the other party. A final thought however, is that
these two studies employed trained actors meaning inferences as to whether this emotional

information is honestly signallaslithout training cannot be concluded.

It is also thought that many of these perceptual abilities to decode emotion cues from
biological movement form a foundation to many other abilities such as the ability to
communicate using body language, perceiveentibns, and help construct appropriate
responses to such communication (Grossman, et al., 2005). Kramer et al. (2010) used point
light animations derived from actual videos of two American presidential candidates to assess
voting behaviour from the movemis of politicians in a debate. It was found that ratings of
perceived health from point light animations were the best predictor of voting behaviour
suggesting that movement are providing information to people which directly influences

decisions.

A final question is can ordinary (walking for example) movements be perceived as
attractive, and if so what is mediating such attractiveness? Static cue research such as in face
perception has suggested that PT exposure plays a significant mediating role in the
development of structural characteristics such as jaw shape. Following this supposition,
researchers such as Provost et al. (2008) hypothesised that the same process crafts the
differences in the walking kinematics of men and women. By manipulating thelmagof
the pointlight walk (i.e. altering the shoulder sway), they created a continuum of different
walks. They then asked heterosexual women in the fertile phase of their menstrual cycle and
women in the notfertile phase to rate each walk on attraress. The women in their fertile

phase rated the highly masculine walk as more attractive, suggesting that the way a man
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walks may be indicative of some intersexual quality to women. Although tempting to
conclude that this demonstrates that walking muoats convey condition dependent
information (i.e. possible PT based characteristics), the authors did not specifically measure

any conditiordependent traits from male walkers as they artificially altered the gait.

1.6.4 Summary of methodology and figuwdirections

Overall, the above research demonstrates that by reducing human biological movement to
temporal cues, recognition of gender, intention, and emotion is still accurate, even with very
short presentation times suggesting that movement is a powed in many socially salient
situations. Furthermore, research has suggested that movement is very difficult to fake even
when people try and deceive observers and that it is possible that condition dependent cues

can be detected from everyday movementsh as walking (e.g. Provost et al., 2008).

However, despite attempts to make stimuli move naturally whilst eliminating static
parametersthis commonly results ihighly impoverished/basic stimuli for the people who
view them thatlack realism Furthemore, a common criticism of the methodologies of
researchers such as Johansson (1973), Cutting, (1978), and Berry et al. (1991) is that the
stimuli are presented in 2D because only one camera is used from a fixed angle. In reality,
our world is 3dimensioml and whilst recent advances in motimapture equipment have
allowed for 3D motion capture, research to date (for example Troje, 2003; Brooks et al.,
2008) has only presented such stimuli in pdigiit form. This remains quite simplistiand
whilst this may be acceptable for the observation of simple movements such as walking,

other, more complex actions may be more difficult to interpret.
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Using a modern 3D methodology to investigate possible courtship displays in humans
and presenting them in a poimght format may make stimuli overly simplistic and not
sufficient to capture more elaborate movemetits example the emotive movements
described irBrownlow & Dixon, 1997 Dittrich et al., 1996) It is possible however, to use
such systems to record newvents with great accuracy and apply a 3D avatar (virtual person)
over the poirights to create a realistic human form that controls for height and build. Using
this approach would allow for a much better presentation method whilst keeping the
empirical advantages of modern motion capture systems such as outputting biomechanical
kinematics for quantitative analysis. This particular approach however has not been fully

utilised in research to date and will form the basishaipter 2 in thishesis.

1.7. Human dynamic cues of condition

Evolutionary research in humans has closely mirrored the investigations of comparative
researchers, especially with regard to mate choice decisions. Despite this, research
concerning the possible signalling capacity of hummavements in relation to mate choice

and sexual selection is still lacking despite this being pointed out over ten years ago (Farnell,
1999). Like mammals, humans do not possess vibrant plumage or extreme ornamentation;
this makes static, visual cues sashfluctuating asymmetry and testosterdependent facial
features difficult to discern, especially in low light or at a distance. The comparative literature
cited abovedocuments that courtship displays are intentional, often vigorous and require high
degrees of movement precision (skill), which had led some researchers to suggest that dance

most closely fits this context in humans.

1.7.1Dance
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Dance is a universal human behaviour that can be traced back to cave art more than 20,000
years ago (Appen#er, 1998) although this is a conservative estimate with some reporting
that it may in fact be as old as bipedal walking (circa 2.5 million years ago) (Brown et al.,
2006). Studying dance from an anthropological viewpoint had received relatively little
research until 1960 when a paper by Kurath (1960) aimed to remedy the gap in the literature
and kick start its investigation. Unfortunately this did not have the desired effect and only a
few vaguely relevant papers were released in the following 15 yeansiflaential paper by
Kaeppler (1978) provided a mucieeded overview of the current standing of the dance

anthropology and provided a much needed definition of dance as:

% cultural form that results from creative processes which manipulate human bodies
in time and space. The cultural form produced though transient, has structured
content, is a visual manifestation of social relations, and may be the subject of an
elaborate aesthetic systémS

A further characteristic of dance is that it is almalgstays accompanied by music and/or an

external rhythm or beat and being able to keep time to a beat is something that is thought to

be almost exclusive to humans (Brown et al., 2006), although some studies have discovered
vocally entrained birds of paradisliso have this ability (Patel et al., 2008)QWLO .DHSSOHU
overview, anthropologists had relegated human dance as a very minor aspect to human
behaviour rather than the key culturally defining, ritualistic, universal language it actually is.

. D H S S@eMi@highlighted that the majority of studies into dance has concerned learning

the styles of dance within different cultures, and it was clear that dance is highly dependent

on cultural forms, but the paper did not speculate as to the meaning of dance

This was later addressed by Hanna (2010) who argued that despite dance being
diverse both inter and intraculturally, a common meaning or topic was being

communicated; that of sexuality, gender and identity, as well as often having a large degree
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of flirtatiousness. It was also noted that the main emphasis in many dance forms centres on
the secondary sexual characteristics of the pelvis, breasts and hips in women, perhaps

conveying information about fertility.

One of the key characteristics of dancehat tit is considered aesthetically beautiful.
Hanna (2010) explains that like modelling, dance allows for observation of the dancer for
pleasure rather than any other function. A quote from Byers et al. (2010) supports this

supposition:

3Almost every adulhuman can run a short distance, leap in a forward arc, land on
one foot, and continue running. However, only a few adults, who we call dancers, can
execute this motion in a way that we perceive as beautiful. Additionally, humans
easily perceive performae differences between professional dancers, the actions of
ZKLFK PXVW EH QDM O\ LGHQWLFDO~

Such descriptions lend themselves to the hypothesis of dance being a form of ornament or
courtship display as it shares similar definitions and intentiodgriamic courtship displays
described in the animal literature. Like much of the courtship displays in the animal kingdom,
dance is performed in the presence of others and is often an accompaniment to marriage
ceremonies and other sexual contexts (Han&i0). For example, lap dancing clubs
(Miller, 2007) and nightclubs which are thought to function as human versions of animal leks
(Hendrie, 2009) are often places people dance, especially with the opposif@espie
seemingly obvious links to the expeton of sexuality and fertility, dance was not
investigated in relation to sexual selection until relatively recently (~2005). In fact, Farnell
(1999) had criticised the lack of research into the use of movement in general to questions
regarding evolutioary theory, a fact that in comparison to the wealth of information on static

cues to mate quality over the last decade still stands.
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1.7.2 Human dance in relation to sexual selection

From 2005, dance had begun to be recognised as a possible cue tty skegiadd traits,
particularly in men. Brown et al. (2005) investigated whether the dances of 183 young people
from Jamaica revealed information about their developmental stability. Fluctuating
asymmetry was selected as the measure of developmentaitystatith nine traits being
measured (elbow, wrist, knee, ankle, foot, third digit, fourth digit and ears) and for accuracy

over time, each dancer was measured for FA twice, once in 1996 and then again in 2002.

Participants were asked to dance for one teinunder constant conditions in a small
area (4rf) using an eightamera Vicon optical 3D motion capture system, tracking a custom
41 optical marker set. The resulting pelight animations were then converted into basic
humanoid figures whereby each bosggment was represented by an ellipse. The authors
chose 40 such dance animations (20 high FA and 20 low FA with equal male/female splits)
and showed them to 155 young adults (87 male, 68 female) for rating on dance quality via a
visual analogue scale.dapendent of BMI and age, symmetrical males were rated as being
better dancers, more so than asymmetrical males and symmetrical females. However the
authors did not provide any conclusion as to whether they thought dance is used to make
mate choice decisis, or why the ability to discern such information from dance movements

may have evolved.

The Brown et al. (2005) study was among one of the first to explore sexual selection
using dynamic cues and one which utilised a very robust way of recordingssonchi.
However, Trivers, a cauthor on the Brown et al. paper later revealed in Trivers et al. (2009)
that the results of the study were almost completely artificial and that a large degree of the
data was tampered with to ensure strong associatidhs iesired direction. A reanalysis of

the data revealed at best extremely weak correlations between symmetry and dance quality.
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As a result, evidence for honest cues to mate quality cannot be made from this research.
Nevertheless, their rationale is wedlipported from the numerous animal studies into
dynamic courtship displays and their methodology provides excellent control of structural

cues whilst keeping motion pertinent.

Before evidence of fraudulent results in Brown et al. (2005), the authorsotdid n
speculate as to why or how dance may display such information. Fink et al. (2007) suggested
that male dance may be providing honest cues to physical condition, and that females would
have developed perceptual abilities to detect such cues. These aunlestgated whether
PT exposure (as measured by 2D:4D) was related to male dance quality as rated by females.
The authors proposed this because previous research had often suggested that the organising
effects of testosterone in utero plays a key rolsdr differentiation, with high exposure
OHDGLQJ WR PDVFXOLQLVHG IHDWXUHYVY DQG LW LV WKRXJ
for dominance, assertiveness and social status (Manning, 2002; Neave et al., 2003). To
UHFRUG PHQYV GDAQ Fad Yecomliny Wa3 @aeb WkichYWaS later blurred to
eliminate physical features as much as possible from the recordings, and standardised white
overalls were provided to standardise clothing appearance. Female observers (N=104) rated a
short 10s clip of eacancer (N=12) on attractiveness, dominance, and masculinity. Results
indicated that women rated dancers with lower 2D:4D (high PT exposure) as more attractive,
dominant and assertive, suggesting that dance is conveying -biglegr information to

femaleswhich the authors speculated was related to aspects of mate choice.

This theory of dance being an honest cue of male condition has also been briefly
extended to female dancers (Miller et al., 2007). Rather indirectly, the authors suggested that
when femag lap dancers were in their fertile ovulatory phase they earned more tips from

clients. The authors also found that quiflers did not show this earnings peak. Miller and
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FROOHDJXHV VSHFXODWHG WKDW GXULQJ WKHVUuds®DQFHYV

WKHLU IHUWLOLW\ DQG WKLV LV VHHQ DV pVH[LHUY WR PDO

More direct evidence for dance as an honest cue comes from Hugill et al. (2009).
Following the findings of Fink et al. (2007) who found associations with testosterone, Hugill
and collegues attempted to link the testosterone related trait of physical strength to male
dance quality. Physical strength is thought to be a highly valued trait in our evolutionary
heritage and females should thus be seeking honest cues to it. To test tlasthtirs
recorded40 nontrained males dancing to a core rhythm track. In addition, two maximal force
handgrip strength measures were conducted on each hand, and the mean of these measures
used as a proxy for general strength. 50 females then rated thedbtiance videos. As
expected, stronger males were rated as significantly better dancers, thus supporting the
hypothesis that aspects of physical condition are encoded into male dance movements, and
that females are sensitive to cues of such traits. dsf also supports the supposition that
testosterone is a possible mediator between such dance movements and strength (Fink et al.,

2007).

To conclude, brief inroads into the assessment of male mate quality from dance
movements have been made in humd@ecause of its close similarity in description to
animal courtship displays, researchers have discovered that dance is indicative of traits that
are desirable from an intersexual perspective. Researchers have found that several traits of
reproductive quaty are related to male dance performance, such as PT exposure, physical
strength and fluctuating asymmetry. This research has attempted to control for static
morphological traits by using blurred video clips and standardised clothing (Fink et al., 2007;
Hugill et al., 2009), however these methods do not fully control for these features, and the

blurring effect degrades stimuli making it sometimes difficult to see small movements. Other
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research has employed a more robust method of controlling for sucblesrizsing 3D
motion capture poinlight based systems and applying ellipsoid figures to mask static
features (Brown et al., 2005). Whilst this methodology is preferable over the blurred video
clips, this still does not represent the ideal because thefigduces the human motion down

to a very basic skeletal frame (much like point light) dhags noteadily show rotations in

the limbs or a full humaitike shape.

1.8. Overall Summary and Project Rationale

Evolutionary theory informs us that mating va healthy mate is paramount for survival and
successful transfer of genes. In most species, the sex that chiomseating partner ithe

female because of her higher parental investment. Females typically look for indicators of
health and condition tensure her partner has robust genes as well as the potential to protect
and acquire resources (for example the ability to hunt). The problem with many of these
facets is that they can sometimes be hard to observe because of clothing or low light or not
observable directly at all (e.g. health) and must be inferred from cues or signals. Females
shouldlook for honest indicators of such traits that cannot be faked by the host. These cues or
signals take many forms and vary from species to species. Many malackat®nspicuous
ornamentation such as bright plumage that appears to provide cues to physical condition and
immunocompetence. As a result, other means of assessment must be made. Very subtle static
cues have been the focus of the majority of researchg(sD methodology); such cues

often have quite robust effects especially in areas such as FA and facial attractiveness.
However, as these features are often very subtle, doubt has been cast as to whether these traits
can be discriminated in the real wor@his point has led researchers to examine a very
observable facet of life: movement. Many researchers believe movement is a more useful cue

WR FRQGLWLRQ DV LW UHOLHV VR KHDYLO\ RQ PDQ\ RI WKH
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good quality movments. This paired with the observation that many animal species perform
ritualistic, vigorous and skilful courtship displays supports such a supposition, and
researchers have attempted to link these displays to reproductive quality. Transferring this
aspet of research in animals to humans has been made somewhat more difficult because
isolating movement cues from other important features of mate choice such as facial
attractiveness, height, and build is difficult. Pdight methodology derived from theéefd of
biological perception has proved invaluable as it excludes most of these variables. It has been
noted that the human visual system is extremely adept at deriving-biglegrcharacteristics

from brief presentations, these include intention, seqt®n and action. This methodology

KDV VLQFH EHHQ DSSOLHG WR TXHVWLRQV SHUWDLQLQJ \
humans with some success. These studies have used dancing because it is a form of
intentional, exaggerated rhythmic movements biest fits what many animal anthropologists

term a courtship display. Such research has found that dance quality has positive links with
developmental stability, strength and PT exposure, traits known to be of importance in female
mate choice decisions. Hewer, such studies have often used impoverished blurred stimuli

or extremely basic ellipsoid figures in an attempt to mask static cues.

The aim of the current thesis is to establish a new methodology based on accurate 3D
motion capture hardware that hacently become available (similar to the equipment of
Brown et al., 2005 and Troje, 2003) paired with professional animation software to fully
eliminate static cues that could interfere with perceptions whilst maintaining a realistic,
human form not religron degrading stimuli.

Using this methodology, the main focus of this thesgik be to further examine
established pertinent physical and psychological traits of interest in mate choice and discern
whether these can be detected via male dance moventamtbermore, the research

programme aims to add an additional layer of depth to such research by considering if
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specific movement characteristics in particular are influencing female perceptions through

biomechanical analysis.

The research programme tefare aims to test the followingsearch questions

1. By using a new methodology using both 3D motion capture hardware paired with
professional animation softwareanthe same level of perceptual accuracy in sex
discrimination be observedthat is reporté in previous point light research
(methodological validation)?

2. Whichmovementgpredictgood and bad male dancers as rated by female observers?

3. Is healthrelated information encoded into male dance movemeantd is this
UHIOHFWHG LQ REVdéftadde gfaMyDVVHVVPHQWYV

4. Are cardiovascular fithess and strengiicoded into male dance movements and are
WKHVH UHIOHF Wadgessm@nt&R & daheeYgdalit§i?e predicted based on
previous research on faces (Sell et al., 2009) and dancing (Hugill, &009) that
strength will be reflected in observer judgements. However, the extent to which
cardiovascular fitness is observable is disputed in static cue research (Honekopp et al.,
2004; Williams et al., (2010).

5. Is age encoded into male dance movesiesmtd LV WKLV UHIOHFWHG LQ

assessments dhnce quality?
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CHAPTER 2: GENERAL METHODS & METHODOLOGICAL VALIDATION

2.1 Background

A variety of methodologies have been used to control for the majority of static cues that may
confound mate choe based research. However many of theseafied pointlight methods

do not control for height and build at an individual level. The other disadvantage of this,
especially when considering complex movements involviatational movementdike
dancing, s that pointlight displays can sometimes be unclear with regard to the way the actor
is facing because of the symmetry of the marker laydawever, basic poidtght methods

are currently the gold standard baseline for recording movement with accliragy 2003;

Sigal & Black, 2010) as other methods such as quantising (Berry, 1991), or blurring (Fink et
al., 2007; Hugill, 2009) of standard video displays rely on degrading stimuli to produce such
sparse cues. Furthermore, current optical based motapture systems allow for the
extraction of biomechanical information allowing users to quantify movement for use in
objective analyses. A more realistic figure can then be attached over the top of tHigylpbint
information (as in Brown et al., 2005). tially this poses the question of whether the
additional form information presented alters perceptions. McDonnell et al. (2008) however
addressed this issue in their study investigating motion perception frorligbinis. avatar
(virtual character) stimi. It was found that motion and not body representation dominated
the perception of portrayed emotion, suggesting that avatars do not significantly influence

SDUWLFLSDQWVY SHUFHSWLRQV RYHU WKH ELRORJLFDO PR

Other considerations for methddgy include which viewpoint to display stimuli in.

Early research used sid@w pointlight animations of walkers for the assessment of sex
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(e.g. Cutting & Kozlowski, 1977) however more recent research suggests the most pertinent
motion cues are availablfrom frontal view (Troje, 2003). Furthermore, many pdigitt

studies do not include markers on the hand but only the arms. Atkinson et al. (2004)
suggeted that hand markers are a key characteristic for displaying emotional intent and so
should be inalded in studies attempting to look at higider social information cues. With
these considerations in mind, a highly accurate, ggjht 3D optical motion capture system

will be utilised alongside professional animation software to add an additioreal ddy
realism without sacrificing control of static variables to record and display male dance

movements to female judges.

2.2 GeneralMethod and Setup

Vicon motion capture systems (Vicon, Oxford Metrics) rely on placing small optical markers

on a patFLSDQWYV ERG\ LQ D VHW SDWWHUQ LQ RUGHU WR
kinematics. Several specialised higfieed cameras surround the capture space and erit near
LQIUDUHG EHDPV WKDW pPERXQFHY RIIl WKH UHIQWigWLYH PL
the camera precise coordinates of all the markers in 3D space. It is also possible to extract
precise movement kinematic coordinates and angles for additional gait analysis. Systems
such as this are often used for clinical gait analysis followoigt jreplacements. The

following motiorcapture equipment setup was utilised for all studies in this thesis.

2.2.1 Hardware

A 12-camera Vicon MX system was used which consisted of;

Core processing unit
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Two MX-giganet core control units were used for optimuefficiency. Both units
incorporated gigabit Ethernet for camera and PC data connections. This allowed for
1000mbps data transfer allowing for a r|ale reconstruction of the motiesapture space at

a smooth frame rate.

Cameras

Twelve Vicon MX T-20 caneras were used to record movement. Ea@® Tamera emits a
nearinfrared strobe beam in order to accurately capture reflective markers-Atheameras
utilise custom CMOS (Complementary Mefakide 5Semiconductor) digital image sensors
rather than CCD (rargecoupled device) in order to give both high resolution as well as high
speed with the principle benefit of being completely digital. Each camera was setup at a
resolution of 1600x1280 using a capture frame rate of 200 frames per second (200Hz) to aid
in the capture of particularly vigorous movements. Camera positions and lab layout are

shown infigure 1 (See appendix A).

2.2.2 Participans (dancers)

Each male participant was recruited using opportunity sampling for the study, and
were screened to ahinateprofessional dancerand men whbad any physical injuries

that could have affected their movements.

2.2.3 Participant Measurement

Vicon Nexus software is predominantly used for biomechanical analysis (the studies reported
in this thess used versins 1.051.7). In order to extract accurate kinematics of joint angles

and trajectories, various measurements must be taken from each participant and entered into
the Nexus software. Such measurements are also used to create a labelling model that allows

for the automatic labelling of markers. The following measurements must be taken:
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Height (mm) (stadiomete6ECA Weight (kg) (scalesSECA

Leg length (mm) (measuring tape) Ankle width (mm) (digital vernier calpiers)

Knee width (mm) (anthropometer) Elbowwidth (mm) (digital vernier calpiers)

Wrist width (mm) (digital vernier calpiers)

2.24 Marker-set

Markers were attached to participants in accordance with the VicorliRl@git marker set
(seefigure 2). The marker setup consisted of thirtine 14nm round reflective markers
placed at the major joint locations on the body. The ®ieGait full body marker layout is
arranged so that there are several markers on the same rigid structures of the body (for
example there arf®ur markers on the head afide on the torso). This allows for easier data
fixing when markers become occluded. The Rludgsait marker set has been validated by
several biomechanics researchers (for example: Davis, et al., 1991; Kadab20&5ahnd

provides accurate represation and output of joint kinematics.

Figure 2. PlugIn Gait marker set layout showing the anatomical locations of each marker
on the body (Vicon, Oxford).
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In order to ensure accurate placement of markers on the body, participants were asked to
wear shorts, be bas@oted and either wear a tight fittingshirt or be topless. This greatly

enhanced the accuracy of the movement recordedigsee 3).

O

Figure 3: Participant labelled using the Pldigp-Gait marker layout.

2.25 Data Capture

Markers vere placed at the anatomical locations as indicated by thelir@git marker set
(seeFigures 2 3) andparticipants asked to stand at the point of origin in the lab (centre of the
lab) in a Fpose; a static position in which the participant stands thigir feet shoulder
width apart, arms raised to shoulder height, palms facing down. Ar&@@ snapshotas

then taken. This calibration snapshais then labelled to check for any missing markers. If

any anomalies in the datgere found or if any markerwere missing, this Ipose recording
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was repeated. Following thedose, participants were asked to dance for 30 seconds to a core
125bpm drum beat (so that music likability could not affect expressiveness of dance
movements). Approximately 6000 frames eaptured for a 30 second trial (at 200Hz capture

rate).

2.2.6 Data Processing/Cleaning

Once the dance trial was recorded, it was then labelled throughout. Nexus software can create
an automatic labelling model based on the participarRede and measuremts in order to

speed up the labelling process. However it does not fill any gaps in the data (where a marker
disappears and reappears), these typically occur when another body part occludes a given

marker.

Occlusion:One of the biggest issues when usiapgical motion capture systems is occlusion.

In order to eliminate noise in optical data (i.e. cameras picking up reflections in the
environment, also known as ghost markers) Vicon Nexus software only recognises and
reconstructs markers if three camerasedt a given reflection, and it is seen as round in

shape. Occasionally this causes problems with real markers placed on participants. If a
SDUWLFLSDQW PRYHV LQ D FHUWDLQ ZD\ LQ ZKLFK WR KLGI
the marker (forexampf D KLS PDUNHU EHLQJ RFFOXGHG E\ WKH SDU
EHWZHHQ D PDUNHU ILUVW GLVDSSHDULQJ DQG UHDSSHDUL
filled using the Nexus software, which uses the pattern of movement from other markers on

the same segment of the body (for example filling an anterior hip marker with the posterior

one from the same side). For the purposes of accuracy, filling gaps in excess of 30 frames (at
200Hz capture rate) is not recommended in Vicon Nexus as this makestthetion of

precise kinematic angles inaccurate. In instances where a gap is more than 30 frames in

length, it is recommended that the runnindpimmechanical extractiomodels (such as Plug
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In-Gait) be executed with the gap presehhis is because tH VRIWZDUHYV DOJRUL
copying the pattern of other markers to fill the gap is not precise enough for large gaps, and

the model manual advises against this.

Crossover:Crossovers can occur in optical data when two markers come very close to one
another The Vicon Nexus software confuses the two markers and swaps their positions.
When this occurs, the data (both kinematic and optical) becomes unusable. Therefore, it is
essential that all crossovers are dealt with. There are two possible remediesaietigsto

create gapsn the markers where a crossover is present (i.e. delete the markers for the
duration of the crossovernd using the gap filing commandrhe other is to try and

manually swap the markers although this typically creates problermsotier parts of the

trial.

Biomechanical ExtractionvVicon motion capture systems allow for the extraction of precise

3D (x,y,2 angle biomechanics. The PHig-Gait kinematic model (Vicon, Oxford) was used

in the extraction of thredimensional joint arlgs for the knees, hips, trunk, neck, shoulders

and wrists. Ankle angle was only calculated in two dimensions (flexion/extension and
internal/external rotation) and the elbow in one dimension (flexion/extension). Before the
extraction process a lopass Btterworth filter (10Hz) was applied to each joint angle to
MVPRRWK RXWY WKH DQJOHV WUDFH EHIRUH H[WUDFWLRQ

noisy due to the high accuracy of the system.

Vicon Nexus extracts 74 separate angle variables base@ &udn-Gait model for
every frame in the trial thus creating an extremely large dataset. Not all of these angles are
meaningful to the type of study. For example, Nexus extracts both left and right spine angles
that have identical properties. This atsrurs in the neck angles. In these cases only the left

properties of these structures were used. Other information such as foot progress coordinates

74



(used in the analysis of foot placement in walking and running, e.g. forefoot first, heel strike
first) are only used in walking analysis and were thus dropped. The remaining 32 angles were
summed together into their relative body segments to make them easier and more meaningful

to interpret. Figurel summarisethe grouping process.

Figure 4: Breakddwn of biomechanical variables into relative body segments

There is virtually a limitless variation in the type of motion data that can be extracted,
however because of the novel and exploratory nature of this research, basic measures of
movementspeed, amplitude, variability and duration were taken. These variables are not
without theoretical underpinnings; Byers, et al. (2010) indicate that in the animal kingdom
vigour (i.e. speed/duration/amplitudeis of particular importanceVariability may on the

other hand be a basic measure of movement ability as repetitivezaniable movements for

example may reflect mental or physical deterioration or disability.
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Movement variables of interest were calculated in Mathworks MATLAB (v.2011a).
Durationwas definedas the time between successive reversals in direction. For example time
taken to extend the forearm from the elbow and then return to its starting pdsmiphitude
was the magnitude of change from the mean joint position of the entire trial for example
large movement of the arm would be a full extension from the elSpeedf each angular
movement was calculated as the amplitude divided by the duration for example a fast arm
extensionVariability was calculated as standard deviation of all angdfaets for each joint
for example, a continuous small head nod movement would not vary greatly from the mean
head position whereas a small head nod followed by a larger head nod would represent

greater deviation from the mean head position.

2.2.7 PostProcessing Software (AutoDesk MotionBuilder 2011)

Due to the nature of Vicon, the Nexus software does not control for height and body shape as
LW DFFXUDWHO\ PDSV WKH SDUWLFLSDQWYfV ERG\ VKDSH
creates two fundamental mfounds which could directly influence female judgments of male
movements (Lippa, BB). In addition, Nexus software does not provide a realistic
representation of a human (only a wireframe is reproduced). In order to address these
confounds, the opticalata from Vicon was exported into the professional animation software
Autodesk Motionbuilder (Autodesk inc. v20@®12). Using the optical data as a control
mechanism for standardised avatar (virtual person) eliminated the confounding variables of
height and body shape while giving the motion a more huiiteshape. The avatar chosen

for presentation was a featureless humanoid coloured grey/whiteg{sesb).

Gaps in the Vicon data must not exceed 30 frames for the gait model to be accurate.
In Motionhuilder, these large gaps degrade the resulting animation; therefore any remaining

gaps from Vicon must be fixed. Motionbuilder has functions in place that allow it to
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DFFXUDWHO\ ILOO ODUJHU JDSV E\ FUHDWLQJ D YLUWXD
maintains the shape and pattern of a selection of markers. If a marker disappears and
reappears, the resulting model is not affected by the gap. Such virtual markers are represented

in red as opposed to the blue colour of regular optical markers. In ordecurately animate

an avatar, it is first necessary to recreate the exact characteristics and stance of the participant
E\ VKDSLQJ D GHIRUPDEOH puDFWRUY WR ILW WKH RSWLFDC

each marker with its exact location orHhS D U W L F L SEeQigve). ER G\

Figure 5 Avatar model used in Figure 6 Motionbuilder actor model fitted with
Motionbuilder optical data

By default Motionbuilder does not recognise the layout of the-Riugait marker
set. Therefore it must be defined in thetor settings (Seegure 7), which specifies which
markers drive which segmentsthe body. Table 1 (Appendix Aummarises which markers

were chosen to drive which parts of the actor.
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Once the actor has been rigged with the marker set, it is then animated and checked to
ensure smooth motion throughout. It is then hidden from viewaanavatar is inserted into

the scene.

Figure7 $FWRU PRGHOYV GLVWU LNBXWelnBriibeRslorRiigeViigureD O PD U N H
represent how many optical markers are driving that segment of the body, for example, four

head markers are driving thedd portion of the body.

Motionbuilder files (.fbx) cannot be played back using standard video playback
software (e.g Windows Media Player). So in order to facilitate this, the resulting dance

animation was then recorded in a 1024x768 window from a leguiggen with a resolution of

1900x1200 using freeware screen recording software CamStuttj)d/Camstudio.or?/ For

purposes of manageable file size, each .AVI file was encoded and compressed using Xvid.
This had naoticeable impact on the quality of the file. Eachs@@ond dance was trimmed

in length down to 15 seconds using SolveigMM  AVI  Trimmer

http://www.solveigmm.con)/ It was decided that the middle 15 seconds ofraeavould

be presented to judges as it allowed for dancers to become accustomed to their environment
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and adapt to the rhythm of the music. This was applied throughout all the studies reported in

this thesis.

2.3 Rating Studies

2.3.1 Participants

Particpants were sourced using opportunity sampling and varied study to study based on

compensation for their time.

2.3.2 Presentation of rating studies

In all studiespresented in this thesisach of the avatar videos was rated on several attributes.
While the specific rating attributes differed slightly between studies, a common way of
presenting the videos was employed in each case. Empirisoft MediaLab 2008 (Empirisoft Inc.
New York, USA) was used to present the dancing avatars to rating participants. abesialL

a flexible program developed for use in psychology research. It allows for complete control
over presentation of various kinds of media files, and participant input is written to comma
delimited .csv files. MediaLab was configured to show black backgls with white text

throughout at a resolution of 1900x1200.

After an initial welcome screen, instructions for participants were presented, followed
E\ D SULPLQJ VOLGH VLPSO\ LQIRUPLQJ WKHP WR-3FOLFN
second clip washen played in the middle of the screen. After presentation of the dance clip,

participants were asked to rate the dancer they had just seen on several attributpeioh a 7
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Likert-type scale (1= low scoring on a given attribute, 7= high scoring on a gigbute)

that differed study to studlip order was randomised for each participant.

2.4. Ethical Statement

Ethical approval was granted for all studies repobogetorthumbria University School of
Life Sciences Ethics Committeacting in accordamcwith Northumbria University
Research Ethics and Governance Handbdbk following code numbers apply (study 1 =

SUB50_KM,; study 23 = SUB08_NN; study-% = SUB005_KM)

2.5, Study 1: Validation Study

In order to validate the above methodology, a sirsplerecognition task was utilised.

2.5.1 Method

Participants:

Stimuli Participants:An initial sample of ten participants (five male) was recruited from the
Northumbria University posgraduate population aged-28 years (M = 24.7, SD = 15.7),

none of whom had any injuries that could have affected their movement. One female
participant was dropped from the study as gaps in the optical data prevented accurate avatar

creation thus, nine participant walks (five male, four female) were presented te.judge

Rating Participants: Five male and five female participants were recruited from the

Northumbria University posgraduate population.
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Motion Capture/Avatar creatiorf-ollowing the above equipment setup and upon completing

a T-Pose calibration, participtsmwere asked to walk up and down a-teetre walkway at
normal walking pace until asked to stop. The investigator looked away from the participant
and did not reveal that their walk was being recorded in order to reduce conscious awareness
that may have npduced artificial movement. After a suitaidagth walking trail was
completed (usually after the participant had walked in both directions three times),
participants were fully debriefed and made aware of the nature of the study. Avatars were
created usg one complete 10m walk which was usually around five full gait cycles taking
approximately five to six seconds to complete. This was then recorded on a continuous loop
for 15 seconds from frontal view (as this view grants the most information to theryie
Troje 2003) to allow participants ample time to make a judgement. Recordings were taken
from the middleend of a session to allow for participants to relax into the task. All

recordings were captured at a 1024x768 resolution.

Rating study:Rating paricipants viewed each of the nine walking avatars. Clip order was
randomised for each participant and each rater provided a fohoéck judgement of the

ZDONHUVY VH][

2.5.2 Results and Conclusion

On average, participants accurately judged the sexvallang avatar 82% of the tim&able
2 showspercentage correct judgments of sex per avatar. Note that male iBowagctly
identified as female 60% of the time suggesting either a problem with the animation or a
naturally more feminine walk. Raters theelves were moraccurate than chanc&able 3

shows individuatater performance on the task.
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Table 2. Percentageorrect gender identifications of male and female judges (N=10)

Avatar % Correct
Male 1 100%
Male 2 60%

Male 3 40%

Male 4 100%
Male 5 100%
Femalel 90%
Female 2 80%
Female 3 100%
Female4 60%

Table 3. Rater performance (% correct of 9 avatars) on the sex identifitatikon

Rater Correct classificatior

100%
77.78%
100%
66.67%
88.89%
100%
88.89%
66.67%
66.67%
0 77.78%

P OoO~NOUIEWNPE

Cutting and Proffitt (1981) suggested that one key difference in the gait of men and women is
that men walk faster (i.e. stronger stride) than women. The walking avatars presented in this
study did not control for such differences. Howebased on the quite short gait cycles (that

were merely looped) presented this was probably not visible. Furthermore Cutting and
Proffitt (1981) stated that even when speed is controlled, sex identification was just as

accurate.

In conclusion, participats correctly identified the sex of the walking avatar more than

80% of the time, a level comparable to that reported by Troje (2003) usingigbtratimuli.
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This indicates the chosen methodology is a valid way of recording movement without
previous cofounds such as body size/weight/attractiveness etc whilst still providing accurate

human movement kinematics.
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CHAPTER 3: STUDY 2, WHAT MAKES A GOOD MALE DANCER?

3.1 Background

In chapter 2, the methodology to be used in this thesis was successlidiyedhagainst the
previous poirdight technique as described by Troje (2003). In a simple sex recognition task
the use of more realistic avatars was comparable to that ofligbihanimations, with the
avatars not impacting on the robust recognitibhigher order information.

The aim of this thesis is to explore the hypothesis that male movements are providing
honest cues to qualities that are important to female observers. To address these aims male
dance moves have been chosen because they compmiteof intensive, dynamic rhythmic
movements that might be expected to clearly advertise male physical and behavioural
gualities. Previous studidgmve indeed indicated that cues to physical condition, PT exposure
and physical strength appear to be e®cbinto such dances (for example; Fink et al., 2006;

Hugill et al., 2009).

A key question that relates to the signalling properties of male dancing is what
DFWXDOO\ PDNHV D pJRRGY GDQFHU" :KLOVW SUHYLRXV V'
2009) hayH IRXQG OLQNV EHWZHHQ IHPDOH UDWLQJV RI GDQFF
WKHUHE\ SURYLGLQJ VRPH HYLGHQFH LQ VXSSRUW RI WK}t

speculated upon which specific aspects of dance movements are conveying sowdtiorior

The aim of this studyas therefordo record a sample of male dancers, convert their
motion-capture data into avatars, obtain female ratings of their dance quality, and then extract
precise biomechanical information from each dancer. The biomieahamformation
selectedvas mostly basic due to the preliminary nature of this thesis but somewhat derived
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from comparative literature (e.g. vigour, Byers et al. 2010). These are explained inndetail

Chapter 1.

3.2 Method

3.2.1 Motion capture andvatar creation

The methodology used to record male dance moves, extract biomechanical information, and

convert the motiostapture stimuli into avatars has been fully explainechapter 2.

3.2.2 Participants

Male dancers:An initial sample of 30 male picipants were collected as dancing stimuli

(mean age=22.72, sd=4.37) in the investigation

Female Raters37 heterosexual women aged-3% (mean=22.30, sd=6.22) rated each of the

male dance avatars on dance quality usingpmiiit Likerttype scale (1= extremely bad

dancer, 7= extremely good dancer). Ratings were presented as outlisedtion 2.3.
&&URQEDFKYV DOSKD GHOWUHRLOQHGLBOEILOLQYWHU VR VXEVF

based on mean ratings for each male dancer.

3.2.3 Biomechanidanalysis

The extraction procesdescribed in section 2.2|8d to 11 out of the 30 male dancers to be
excluded from further analysis because of incomplete or faulty biomechanical output, leaving

19 male dances for complete analysis.

3.3 Results

85



Normd distribution of each region and movement variable were checked using Kolmagorov
Smirnov tests. All but two movement variables were normally distributed (variability of the
neck flexion/extension and trunk internal/external rotation was not); in thess cas
6SHDUPDQYY UDQN FRUUHODWLRQV ZHUH FROOQWEGXFWHG
correlations were performed between mean ratings of dance quality and each of the three
body regions for movement amplitude, movement variability, movement speed and
movemenduration. If a significant correlation was found for any one body region, a further
correlation was performed between ratings of dance quality and the constituent parts of that
body region. An alpha level of .05 was used throughout. A summary of théatons is

presented in table 4

For movement amplitude, all body regions were normally distributed. Significant
positive correlations were found between dance ratings and the central body region. Key
components comprised of: neck flexion/extension (headtinmg), trunk flexion/extension
(forward/backward bending), and trunk abduction/adduction (sideways bending). For
movement variability, all three body regions were normally distributed, although seven of
their 38 constituent parts were not. Significansipee correlations were found between
dance ratings and central body region variability with all components being important, these
were: neck flexion/extension; neck abduction/adduction (head sideways tilting); neck
internal/external rotation (head shakntrunk flexion/extension; trunk adduction/abduction;
and trunk internal/external rotation (twisting). Finally, for movement speed, all data were
normally distributed. Significant positive relationships were found between speed of the legs
and dance ratigs, the relevant components being speed of right knee flexion/extension

(bending) and speed of right knee internal/external rotation (twisting).

When the significant constituent parts were fed into a stepwise linear regression to
predict dance ratings, HFN LQWHUQDO H[WHUQDO URWDWLRQ YD
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DGGXFWLRQ DEGXFWLRQ YDULDELOLW\

DQG ULJKW

0.38) contributed to the final models(fs= 18.9, p =<0.001), which accounted for 79% of the

variancein the mean dance ratings.

Table 4: Correlations between movement variables and ratings of dance quality. Correlations

or subcomponents are only presented when the principahponent was significantly

correlated with dance rating.

Movement Movement Movement
Amplitude Variability Speed
Arms r=0.45; p =0.051 r=0.44; p =0.057 r=0.34; p =0.153
r=0.41; p
Central Body *r =0.55; p<0.05 *r =0.81; p<0.001 =0.082
Neck Flexion/Extension *r =0.47; p<0.05 *9o =0.68; p<0.01 n/a
Neck Abduction/Adduction r=0.30; p=0.219 *r =0.66; p<0.05 n/a
Neck Internal/External Rotation r=0.38; p=0.113 *r=0.73; p<0.001 n/a
Trunk Flexion/Extension *r =0.67; p<0.01 *r =0.68; p<0.01 n/a
Trunk Abduction/Adduction *r =0.48; p<0.05 *r =0.68; p<0.01 n/a
Trunk Internal/External Rotation r=0.08; p=0.734 *% =0.51; p<0.05 n/a

Legs

Right Hip Flexion/Extension

Right Hip abduction/addtion

Right Hip Internal/External Rotation
Right Knee Flexion/Extension

Right Knee abduction/adduction
Right Knee Internal/External Rotatiol

Right Ankle Flexion/Extension
Right Ankle Internal/External
Rotation

Left Hip Flexion/Extension

Left Hip abduction/adduction

Left Hip Internal/External Rotation
Left Knee Flexion/Extension

Left Knee abduction/adduction
Left Knee Internal/External Rotation

Left Ankle Flexion/Exension

Left Ankle Internal/External Rotation

r=0.24; p =0.332
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a
n/a
n/a
n/a

n/a
n/a

n/a

n/a

r=0.23; p =0.334
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a
n/a
n/a
n/a

n/a
n/a

n/a

n/a

*r =0.47; p<0.05
r =0.21; p =0.393
r =0.02; p =0.925
r =0.23; p =0.337
*r =0.52; p<0.05
r =0.24; p =0.317
*r =0.70; p<0.01
r =0.40; p =0.100

r =0.24; p =0.329
r=-0.01;p
=0.963

r =0.02; p =0.944
r =0.31; p =0.200
r =0.31; p =0.193
r=-0.03; p
=0.901

r =0.34; p =0.160
r=-0.04; p
=0.886
r=-0.11;p
=0.646
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3.4. Discussion

The results indicate that there is a general consensus among women about male dance quality
and the extraction of biomechanical characteristics that describe dancelzsebale
successfulkey predictors of dance quality ratings were amplitude and variability of the

upper body (trunk and neck) as well as speed of the right Rog@ the context of real
MPRYHVY LQ D QLIJIKWFOXE IRU HIDPSOH wWHRSHNGDQFHUV M
varied movements of their upper body (head, neck, and trunk) which translates to swaying

and twisting of the chest and shoulders as well as moving their right leg (specifically bending

of the knee) fasteperhaps whilst standing on thesftlfoot for support. Whilst initially the

speed of just the right knee seems rather unintuitive, the majority of the population are right
footed (Coren, 1992) so this is perhaps not surprising as participants maydiegstan their
nortdominant leg (Id) and flexing and extending their dominant leg (right) as this feels more
comfortable. In contrast, those rated as bad dancers have smaller and more monotonous

movements. This might include simple head nodding with Nedgy movement in the trunk.

As this was the first investigation into the biomechanical variables associated with
dance using this methodology, a large percentage of the initial sétipdeit of an initial 30)
male dances could not be used in the analysis due to incomplete or troubtiedamd his
left a relatively small sample and so replication with larger samples would be desirable. In
subsequent studies, these issues will be addressed at the data acquisition stage to avoid
unnecessary data loss due to missing markers and incompd®smThus, larger data sets
(30+) of complete male data with greater variability will be collected and subjected to the

same biomechanical analysis in order to form stronger conclusions.

This study did not however investigate whether these movementadicative of

actual condition or whether physical condition underpins female preference. The remaining
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chapters of this thesis will thus explore these biomechanical characteristics and attempt to
link them to desired traits in males such as health (BuSghmidt, 1993 physical fithess
and strength (HOonekopp et al., 2006; Manning, et al, 2007; Hugill et al., 2009), and age

(Buss, 2004) as presumably these traits significantly influence motor control.

89



CHAPTER 4: STUDY 3, MALE MOVEMENTS AS POSSIBLE CUES TO HEALTH
AND SYMMETRY

4.1 Background

In chapter 3, it wasliscovered that females displayed a consensus as to what constituted a
HJRRGY DQG HEDGY PDOH GDQFHU ORYHPHQWVY WKDW Zt
particularly of the upper body were kéctors in female perceptions of male dance quality.

Of key importance in all intersexual mate choice decisions are that females mate with high
quality males. Theoretically this is important for a two key reasons; firstly that mating with

an unhealthy maléeads to the deleterious effects of his gene pool being passed on to any
offspring and secondly, the male has a heightened risk of death from disease, and therefore
could be unable to provide resources for the female and her offspring. Byers et al, (2010
suggests that movements that display vigour and skill should provide honest cues to the

health status of an individual.

In humans, dancing has long been a ritual that mimics the definition of a courtship
display and more recently researchers have beguestigating whether it hold cues to
condition in males. Brown et al. (2005) for example found that better rated dancers were
more symmetrical and Fink et al. (2006) found that dance quality in men was associated with
higher PT exposurén utera To the aWKRUYV NQRZOHGJH QR VWXGLHV

possible relationships between male physical performance (dance) and their health.

The current study thus aims to explore whether male dance conveys information to
females about his physical condition, currphisical and mental health status and explore

whether these facets are linked to b@mechanical variables outlined in chapter 3.
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4.2. Method

4.2.1 Motion Capture & Stimuli Creation
The Vicon motion capture system was set up as outlined in chapter 2.
4.2.2 Participants

78 males aged 182 (age M= 21.63 years, SD= 4.06) participated in the st@icipants

were paid £10 to compensate their time.
4.2.3 Symmetry and physical measures

SDUWLFLSDQWVY E R-G2A1 hauWfat BEalp Lrésting ®éet) rate and blood
pressure (Omron M3) were measunediddition to the normal biomechanical measurements
taken (see section 2.2.3)hefollowing 13 body symmetry measurements were taken from

each participant (closely mirroring the measures used by Bevai, 2005);

x 2" 39 4" and 9" finger digits (mm) using Mitutoyo Absolute digital vernier digital

callipers.

x Hand, wrist, elbow, knee, ankle and foot widths (mm) measured using a Lafayette

model 01291 anthropometer.
x Leg lengths (cm) measured usiBgca measuring tape.

All traits were measured in turn and then the procedure was repeated. The mean of the two
measurements was used in the analysis to help reduce measurement error. Symmetry was
calculated in accordance with Palmer (2004) whereby a saofiphore than 10 body traits

were measured and adjusted for trait size in order to eliminate particularly large traits having

seemingly greater variability than small ones. The following equation was used:
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ABS(R-L) / 0.5 * (R+L)

Here, absolute symmetrfABS, R-L) is divided by the average of the trait size thus
eliminating (standardising) large traits showing greater deviations from the mean than small
traits. Cronbachs alpha was computed on the corrected traits as a measure of reliability and
reported dow statistic (.23) meaning caution must be taken in any significant relationships

and interpretation.

4.2.4 Subjective physical and mental measures

Several self report physical and mental health questionnaires were chosen to assess the

current and recdinealth status of each participant:

X Minor Health Complaints Checklist (MHCC) [Appendix B]. The MHCC is an in
house physical health questionnaire based on four subscales (indicators, immune
challenge, atopic, gastric and fungal) in addition to a totaheklth score. The
measure is designed to assess a range of acute, recent heath complaints in the last
month. Scoring consists of five sgbales that combine (sum) thidee questions
pertaining to immune challenge, atopic illness, gastric illness, fuiigaks. In
addition to these subscales, a total ill health score is also calculated based on the sum

of all questions. The questionnaire is currently unpublished.

x Profile of Mood States (POMS) (65tem standard). The POMS was designed to
assess fluctuains in mood among adults (McNair et al., 1971). The original 65 items
guestionnaire was used in the current study. The questionnaire measures the following
six mood scales on a continuunmiensionrAnxiety, VigourActivity, Depression
Dejection, Fatigudnertia, AngerHostility, and ConfusiofBewilderment. Since its

inception, the scale has been validated and successfully applied in several populations
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(in both adolescents and adults) and cultures (Terrya et al., 2003; Beediea et al., 2000;
Yokoyama et al.1990) as an accurate measure of mood states.

X General Health Questionnaire (GHQ).The GHQ was designed as a 12 item (in
addition, 60, 30 and 20 item variants exist), Likgge questionnaire designed to
assess minor psychiatric disorders in community dimdcal settings (Goldberg,
1972). Goldberg et al. (1997) reported that the short, 12 item scale was a particularly

robust and reliable measure of minor psychiatric illness.

x Beck Depression Inventory (BDHI) (Beck et al., 1996a). The BDI was first
published in 1961 as a sekport questionnaire measure of depression, comprising of
21 sets of seltontained statements coree8({Beck et al., 1961). Since then, several
revisions were made according to differing criteria laid out in the Diagnostic
Statistcal Manuals (DSM), the latest revision being the BIOBeck et al., 1996a).
Studies of the multiple versions of the questionnaire yield solid reliability coefficients
and good convergent validity among one another as well as with other measures (this
holds for both older and younger populations, in clinical and-alimical groups)

(Beck & Steer, 1984; Beck et al., 1988; Beck et al., 1996b; Segal et al., 2008).

4.2.5 Biomechanical analyses

In an attempt to ascertain possible mediators between danceSpafteRQ DQG GDQF!
objective health, fulbody biomechanical information was extracted from each dancer(Plug

In-Gait kinematic model, Vicon, Oxford). Joint angles were grouped into five main body
regions and as outlined in chapter 3. Agaimplitude duration, speedandvariability were

extracted for eachresulting in 20 biomechanical variables. It appeared diiaation and
speedvariables were significantly negatively correlated= -.37 between all summed

duration variables and all summed speed W& which may cause confusion in any
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interpretation. To reduce ambiguity in further analysis, duration variables were dropped in
favour of speed variables as literature from the animal kingdom suggests that speed (often
termed vigour) is a key aspect aburtship displays (Byers 1994; Byers et al., 2010). The
remaining 15 biomechanical variables were reduced further by conducting factor analysis
(PCA, Varimax). A factor solution that closely follows the significant biomechanical
characteristics and bodyegions outlined in chapter 3 emerged; Three factors which
comprised of the following were extractddgs (amplitude, variability and speed of both
legs), arms (amplitude, variability and speed of both arms), aedtral body(amplitude,

variability and sped, of the central body).

4.2.6 Dance ratings

27 women (aged 185) all currently enrolled on undergraduate courses took part in the dance
ratings. They first viewed 15 seconds of each dance clip, presented using the methodology
outlined inchapter 2. Imradiatelyafter each clip was presented, participants rated the clip
they had just seen on perceived dance quality, masculinity and health ysomgt Likert

scales (1 = low and 7 = high on a given attribute).

4.3. Results

4.3.1 Descriptive Statistics

Measures of central tendency and spread were calculated for each subscale of both subjective

and objective health measures and are reported in table 5.

4.3.2 Female perceptions
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Female perceptions of male dance movements showed highdtéeragreement auss all
UDWLQJ YDULDEOHY &URQEDFKYYVY DOSKD GDQFH TXDOLW\

thus all subsequent analysis is based on mean ratings.

Table 5 summay of male participants scores on both subjective health measures in addition

to objedive measurements (unsigned symmetry, % body fat).

Mean SD Std. Err Median Lower Upper
Quartile  Quartile

BDI (Total) 6.36 6.14 .69 5 1.75 9.25
MHCC (Total) 13.54 6.60 .75 14 8 18.25
GHQ (Total) 1.97 2.65 .30 1 0 3
MHCC Indicators 8.47 481 55 9 5 12
MHCC Immune 1 1.13 .13 1 0 2
Challenge

MHCC Atopic 2.73 256 .29 2 0 4.25
MHCC Gastric 41 .83 .09 0 0 .25
MHCC Fungal 17 41 .05 0 0 0
POMS Energetic 2224 634 .72 23 18 26.25
Tired

POMS Confident 23.06 6.49 .74 24 18 28
Unsure

POMS Agreeable 2429 625 .71 25 20 29
Hostile

POMS Clearheaded 24.87 7.35 .83 26.50 21 30
Confused

POMS Elated 2454 675 .76 25 20 29
Depressed

POMS Composed 2309 6.09 .69 24 19.75 28
Anxious

Resting HR 70.49 11.01 1.25 70.50 63.75 76
% Body Fat 20.33 959 1.09 19.50 14.88 22
Unsigned symmetry .0214  .0123 .001 .02 .01 .02
(Corrected)

Perceived dance quality and health were normally distributed (both 1$Stdét result)

however perceived masculinity was nbable 6shows correlations between ratingiaates.

Perceived dance quality was very highly correlated with perceived health which might
suggest either that raters do not consciously differentiate between these questions or perceive
the two to be linked. Masculinity however, showed much lower lativas with these
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variables. When these were entered into a PCA, loadings for masculinity were very much
lower on factor 1 (.58 compared to dance quality = .91 and health = .88) suggesting it may, to
some extent, be measuring something different. Fo@iggactor solution (varimax) clearly
showed this. Therefore, subsequent analysis will be based on perceived dance quality and

masculinity only.

Table 6: Correlations between rating variables for female rat&serrelations with

masculinity were analysed LD 6 SHDUPDQYV UKR

Female Raters Perceived Perceived

Health Masculinity
Perceived Dance Quality r=.76 rs= .44
Perceived Health rs=.35
$00 S "

4.3.3 Perception of dancers and their subjective health measures

Correlations were then conducted between female ratings of dance quality and masculinity
against subjective physical and mental health measures (questionnaires). Whayenmdin
GLVWULEXWHG GDWD ZDV LGHQWHBbIeHiGdicestHdd suBjec@Q/8V UKR .
health scores were unrelated to ratings of perceived dance quality or masculinity, many of
them near zero, with the exception of a subset of MHCC questionsdiregaungal

infections. Of the twelve subjective health variables, only five were in the expected direction
(negative) with perceived dance quality and six were in the expected direction with

masculinity.
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Table 7: Correlations between female perceptians subjective health measures.

Perceived dance qualit Perceived masculinity

BDI rs=-.067, p = .55 r=.04,p=.54
GHQ r«=.108, p=.37 r—<.04,p=.73
MHCC Total ill health r=-.06,p=.63 r= .06, p =.60
MHCC Indicators r=-20,p=.87 r= .06, p =.60
MHCC Immune challenge r=.021,p=.86 re-.11,p=.33
MHCC Atopic r—-.120,p=.29 r—.02,p=.86
MHCC Gastric r—<-119,p=.30 r—<-03,p=.77
MHCC Fungal r—-.081, p = .48 r<= .25, p =.03*
POMS Energetidired r=.-76,p =51 r—-.00, p=.97
POMS ConfidentJnsure r=.06,p=.89 r=-.28,p=.81
POMS Agreeabléiostile r=.14,p=.22 r=-.00,p=.98
POMS Clearheade@onfused r=.07,p=.57 r<-.02,p=.85
POMS ElateeDepressed r=.07,p=.55 r=.04,p=72

POMS Composednxious r=-.01,p=.96 r=-.06, p=.58

4.3.4 Perception of dancers and their objective health measures

Correlations were then conducted between female dance perceptions and body fluctuating
asymmetry (FA), resting heantate, blood pressure and % body.f&o significant

correlations were observed between ratings of dance quality and objective health measures.

4.3.5 Biomechanical relationships with health measures

Despite health information showing no relationship widmaéle perceptions of dance
movements, correlations were finally conducted to establish whéliege wereany
relationships between biomechanical variables (which can often be very sdatlen

participants wereemoved from this analysis because of mptete biomechanical data.
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There were no significant relationships betweey biomechanical variableand objective

health measuresin terms of relationships between subjective health measures and
biomechanical characteristicgery few significant ret@onships were observed. There was
howeversignificant positive correlations between movement of the central body and several
subscales of the POMS mood questionnaire (agreeable/hostie .33, p = <.01;
clearheaded/confusegkr.24, p = .04, elated/deggsed r = .35, p = <.01; composed/anxious r

= .29, p = .01) as well as positive relationships between two subscales of the MHCC health
guestionnaire and movement of the legs (gastric r = .37, p = <.01; immune challenge r = .27,
p = .02) These relationsps appear to be universally in the wrong direction to what was
predicted, in that greater movements of the central body were positively related to anxious,
depressed and confused attributes of the POMS questionnaire; and greater movements of the
legs werepositively related to reported instances of gastric and immune probldrase
relationshipsdo not fit any notion of honest cues to health and cautiast be taken with

any implicationamadedue to the number of correlations condudié? in total), whitv may

yield Type 1 errors

4.3.7 Biomechanical relationships and perceptions of dance quality and masculinity

Although no meaningful relationships were found between health measures, perception and
biomechanical factors, the larger sample in this study allow for the more powerful
insight intowhat makes a good dancer and to establish whether the characteristics found in
chapter 3 can be replicated. TalBeshows significantpositive relationships between

perceived dance qualitgnd the arms and ceatibody factors.

Stepwise regressions were then conducted to establish whiethemms factowas a

more important predictor of dance quality rating.
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Table 8: Correlations between perceptions of dance quality and masculinity, and

biomechanical factors.

LEGS ARMS CENTRAL BODY
Dance Quality r=-.13,p=.27 r=.51, p=.<001* r=.32, p=<.01*
Masculinity r—.12,p=.31 r—.18,p=.14 r—.09,p=.43

This was found to be the case when both the central body and arms factors were entered, only

the arms factor was retained in #mguation explaining 27% of the variancée (R

As the predictors were different thandhapter 3 these significant relationships were then

broken down into their constituent parts and regressed onto dance quality in order to establish

the specific aspects of movement that were mopbitant. Stepwise regression outputted a

WZR YDULDEOH VROXWLRQ H[SODLQLQJ RI WKH YDULDQF
DQG VL]H RI WKH PRYHPHQW RI WKH ULJKW DUP

types of movement that ammportant in dance quality perceptiamgtlined in chapter 3.

4.4. Discussion

7TKURXJK VXEMHFWLYH DVVHVVPHQWY RI PDOH GDQFHUYV S
as more objective FA and blood pressure measurements, the current study aimedigb estab
whether female observers could detect health based information from male dancers and to
ascertain whether this information was mediated via the biomechanical vaoabiesd in

chapter 3. The findings initially indicate that better rated male dsrare perceived to be

healthier. However, analysis of female perceptions of dance quality and subjective/objective

9¢



health measures yielded no significant relationships suggesting females were unable to detect

health information from male dance movemehtss no mediation analysis was possible

To establish whether health based information was actually encoded into male
movements and was perhaps too subtle to be detected by raters, health measures were
correlated with biomechanical factors known to beipent in female ratings of good and
bad dancers. Whilst some subscales of the POMS mood and MHCC questionnaires were
positively associated with movements of the central body, these were not in the expected
direction. Together with the findings regardingger, more varied central body movements
being characteristic of good dancers in this study (as well as chapter 3), these relationships go
against any notion of an honest cues hypothesis and suggests that these relationships may in
fact be a result diypel error as there were many concurrent tests. Another possibility is that
the relatively minor nature of the health complaints may not have affected movement enough

to be visible in the short dance period.

In addition to subjective measures, each malaguaant had several bodily symmetry
measures taken for assessment of developmental stability similar to that of Brown et al.
(2005). Symmetry was analysed in accordance with Palmer (2004) controlling for trait size.
FA is known to be associated with dey@iental stability and the robustness of genes from
environmental pressures (e.g. Mgller, 1992; Lens et al., 1999) although the extent to which it
can be observed is debated (Swaddle, 1999). FA was thus used solely as a measure of quality
rather than a sitpl. Results however indicated that such condition information was not
encoded into male dance movements nor detected in female dance quality judgements.
However, the nature of the majority of FA research in both humans and the animal kingdom
is that it B extremely subtle and often effects are only observed with large sample sizes

! &URQEDFKYY DOSKD UHYHDOHG ORZ UHOLDELOLW\ EI

measured indicating that these measurement sites do not capture a centralisadt ainstr
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FA. Furthermore, the sample of males in the current study showed little variability amongst

FA scores which might point towards a sampling issue.

Other more objective markers of health were similarly unconnected to either male
dance movements orrfeale perceptions. However measures of heart rate and blood pressure
are influenced by a large variety of factors such as caffeine intake (Nurminem et al., 1999)
and stress (Vrijkotte et al., 2000) that were not controlled for in this study and perhags do n
reflect health in a meaningful way. These findings seem to go agfa@istpothesis from the
comparative literature suggesting that courtship displays convey condition information
although several factors within in the study may explain the pattemesoits observed.
Firstly, this involves a relatively young, healthy sample of young men. Furthermore, the use
of the BDI is typically used to assess clinical/severe depression and thus might not be the
most sensitive measure of mild depressive symptoma mostly healthy sample. The
Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith 1983) might have been a
better choice to assess mild symptoms, as it was developed to screen only for potential
symptomology of anxiety and depression rather thiaovide a measure of the severity in

clinical depression patients as the BDI is.

Further research regarding healétated hypotheses should ideally be undertaken
using a broader sample of males (for example recruiting males whilst they have a cold) and
getting them to dance for protracted periods of time which might allow for any issues to be
highlighted in dance movements. This however might raise ethical considerations that might
render such research impractical. Objective health measures such as iimailerge
techniques could allow for more direct measurements of immunocompetence (Vedhara et al.,
2006; Faivre et al., 2003) that circumvent the need for subjective ratings of current health

status.
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Questions pertaining to sexual selection in humargu@mg the current programme
of study thus far) have assumed that signalling of information and its detection is mostly
based on female preference (in essence-g&eual selection). A recent paper by Puts (2010)
however has challenged this hypothesiggasting that many of the so called desired traits in
men have evolved via intigexual competitions and thus should be assessable by other males

for judgments of threaherefore subsequent studies in this thesis will employ males as raters

In conclusia, the current study found no relationships to suggest that health
information is encoded or detected by females in male dance movements. The current study
however, employed questionnaires that may have been assessing quite minor complaints that
may not hae significantly affected movement, making differentiating between them

negligible.



CHAPTER 5: STUDY 4, MALE MOVEME NTS AS POSSIBLE CUES TO
STRENGTH AND PHYSICAL FITNESS

5.1 Background

In chapter 3, it was discovered that females displayed a consemhsaosvhat constituted a
HIJRRGYT DQG peEDGY GDQFHU ORYHPHQWV WKDW ZHUH JUHD
the upper body were key factors in female perceptions of male dance quality. However in
chapter 4 it was discovered that female ratenreweable to detect any relationships between

dance quality and various psychological and physical health measures, nor with fluctuating

asymmetry.

In various animal species, strength and fitness are believed to be assessed quite
differently, using dynanai courtship displays, which are often elaborate feats of physical
fitness, stamina, and strength. Both irgekual (Byers et al., 2010; Clark, 2009]&¥, 1982)

and intrasexual (Byers1997) contexts have been reported.

Previous research involving humsahas focused on dancing as a form of courtship
display with researchers such as Hugill et al. (2009) finding that better rated male dancers had
greater strength. However no such studies have investigated possibkeite abilities in
detecting stregth via dance movements. Furthermore, research has not investigated whether
cardiovascular fithess (another key component in both contests and resource acquiring

abilities) can be assessed in male dynamic performances.

This study aimed to assess whethererggth (upper and lower body) and
cardiovascular fitness can be assessed in male dance movements in betbxirderand
intracsexual contexts, using the methodology outlined in chapter 2. Furthermore, it aims to

explore whether these traits are relatecaby common biomechanical movements such as
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those outlined in Chapter 2. It is hypothesised that movement speed could be related to dance
quality as it may indicate vigour (Byers et al., 2010); and assuming the same criteria was used
in the Hugill et al(2009) and Neave et al., (2011) studies in the assessment of dance quality,

upper body movements may be related to strength.

5.2 Method

5.2.1 Motion Capture & Stimuli Creation

The Vicon motion capture system was setup as outlined in chapter 2.

5.2.2 Paticipantgdancers)

Thirty males aged 187 (Mean= 23.6, SD= 4.9) patrticipated in the stullly were paid £5 to

compensate their time.

5.2.3 Objective strength and fithess measures

While actual VGmax (the maximum amount of oxygen in millilitres, one cee in one
minute per kilogram of body weight) is the standard in vascular fitness testing (Hyde &
Gengenbach, 1997), several subximal estimates of Vithax have been found to be good
overall correlates of actual performance, without the need for exgemgsanalysis
equipment or maximal exercise. The Chestep test is one such assessment and has been
validated as a summaximal assessment of vascular fitness (Skyes & Roberts, 2004). A
Chester step test is a progressively staged stepping task wipargbipants are required to

step onto and off a step in time with a rhythm (usually presented via CD) until they reach
around 80% of their maximum heart rate (as calculated as 220 minus their age), or until they
feel they cannot keep the beat. In ordemeasure heart rate, a Polar basic heart rate monitor

strap and watch were used.
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In order to measure upper body strength, each male provided one maximal force measure of
handgrip strength (kg) on each hand (Takei Kiki Kogyo Grip Dynamometer). Follotwéng t

protocol of Fink et al. (2007) the calculated mean of the left and right hand was used in the
DQRDO\WLY &URQEDFKYVY DOSKD 7R P HBNWo¥ethEntORZHU
jump was performed twice by each male. The jump involves a mat with atdrayattached

WR D EHOW DURXQG WKH SDUWLFLSDQWYV ZDLVW 7KH RE
jump vertically using only the power of the legs for momentum with hands on hips. Jump
height (cm) was used as the measure. This was performeglaiJiakei Jump MD vertical

jump meter and the mean of the two measures (r = .89, p<.01) was used in the analysis.

5.2.4 Biomechanical analyses

,Q bQ DWWHPSW WR DVFHUWDLQ SRVVLEOH PHGLDWRUYV
objective fitness, fulbodybiomechanical information was extracted from each dancer-(Plug
In-Gait kinematic model, Vicon, Oxford). These were reduced by conducting factor analysis
(PCA, Varimax). Based on the output of this factor analysis, a common structure emerged for

the main guctures of the body, thus the factors were integrated in the following way: sum of
amplitude and variability for both arms explaining 57.67% of the variance (factoawong;

sum of amplitude and variability for both legs explaining 12.34% of thenaeiéfactor two:

leg9; and finally, sum of amplitude and variability for central body explaining 8.96% of the
variance (factor three:central body. These mirror the important biomechanical

characteristics and body regions previously reported (chapter 3).

In addition, a third factor emerged with high loadings for speed and duration
variables, which showed opposite loadings. Because previous comparative lit@ptuseet
al., 2010) place@n emphasis on vigour (i.e. high speed movements), it was deoideop

the duration variables and sum the speed variables (factotdtalrspeedifor clarity.
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5.2.5 Dance ratings

Twenty-seven women (aged 118 years), all in attendance at a Neghst UK sixthform
college, and 21 men (aged -38 years), all undergduate students at a NoiHast
University, took part in the dance rating2articipantsrated each of the 30 avatars on
perceived dance qualitynasculinity, strength and fitnegsing 7point Likert scals (1 = low

and 7 = high).

5.3.Results

In a first step analysis of whether dance quality ratargsrelated toxGD QFHUV Y VW UHC
and fitness was conducted. In a second step analysis of whether these relationships are
mediated by biomechanical characteristics was conducted. Following Baron and Kenny
(1986), the combination of two findings suggests mediation; i) biomechanical characteristics
QHHG WR SUHGLFW GDQFHUVY ILWQHVYVY VWUHQJIJWK DQG L
regressed on quality ratings and biomechanical characterigsitg) the linear enter
command the strength of the relationship between fitness/strength and dance ratings

declines.

5.3.1 Descriptive Statistics

In terms of the fitness and strength measures, mean handgrip strength was 38.4 kg
(SD=10.1), mean Vinax was 47.3 ml/kgnin (SD=10.1) and mean jump height was 40.2cm
(SD=10.5). Onssample KS goodness of fit tests and visual inspection of the data showed
that objective strength and fithess measures were all approximately normally distributed (all

Z<.79;all p>.55).
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In terms of female ratings of dance quality, masculinity, fithess and strength,
&EGURQEDFKYfV DOSKD -tateryddrieemiern® adftdss kil ta@ng/ vatiables (perceived
dance quality = .93; perceived masculinity = .87; perceived fitness = .94; percegregtist
.91). Therefore all subsequent analyses were based on mean ratingsaniphe KS
goodness of fit tests and visual inspection of the data showed that all variables were normally
distributed. Male ratings had similarly high inrt@ater agreementceoss all rating variables
(perceived dance quality = .91; perceived masculinity = .86; perceived fitness = .91,

perceived strength = .9) and therefore all subsequent asaysased on mean ratings.

Initially, separate analyses for female and matersadid not show any significant
differences, and average female and male dance ratings were highly similar (r = .83).
7TKHUHIRUH WKH WZR UDWLQJ VHWV ZHUH FRPELQHG )RU U
revealed high reliability for the aggregatedore (alpha = .96). Furthermore, aggregated
perceptions of strength and fitness were very highly correlated with combined perceptions of
dance quality (r = .91, r = .88 respectively) which might be as a result of raters not
consciously differentiating Ieen rating variables or perceive the variables to be linked, for
clarity however these two measures were dropped. Masculinity on the other hand, showed a
much lower relationship with combined dance quality (r = .60) suggesting it may, to some
extent, mesure something different. Male and female ratings of masculinity were quite

similar (r=". 76) so the two rating sets were also combined (Crorfbalgha = .75).

5323HUFHLYHG GDQFH TXDOLW\ DQG GDQFHUVY REMHFW

Correlations were cwlucted between perceived dance quality/masculinity and actual
VO®max, jump height and grip strength. Handgrip strength showed a significant positive
correlation with dance quality (r = .40, p = .029) but neitheféx (r =-.18, p = .35 nor

jump height(r = .08, p = .70 were significantly correlated with dance quality. Thus, better
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rated dancers displayed greater upper body strength, but not lower body strength or overall

cardiovascular fitness.

Perceived masculinity was significantly correlated wimdigrip strength (r = .46, p =
.01) and countermovement jump height (r = .39, p = .03) but not witlme©(r = .34, p =
.07). Thus, more masculine rated dancers displayed greater upper and lower body strength but

not cardiovascular fitness.

5.3.3 Biomehanics and perceptions of dance

Initially the four biomechanical factors were correlated with perceived dance
guality/masculinity and objective fithess scores, the resiiltbese are found irable9. A

pattern of results similar to chapter 3 emergedereby dance quality was positively
correlated with movements of the central bady .47, p = .0Land the arm§ = .54, p = .0},
specifically with regard to greater amplitude and variability of movements. Furthermore,
betterrated dancers moved fastewerall (r = .36, p = .0h Correlations between
biomechanical factors and objective fitness revealed that males with higher handgrip strength
also showed more movement (amplitude and variability) in the central(bed40, p = .03

Finally, males wib higher estimated Viax displayed slower dance movements ovératl

-.55,p=.0L

Of particular interest here is that both handgrip strength and dance quality are correlated with
the central body factor which might be indicative that movements aktiteal body maybe
mediating the previously reported correlation between dance quality and handgrip strength.
When handgrip strength was regressed jointly on dance quality and on the central body
factor, S for dance quality. This is substantially lower than the initial

correlation of r = .40 [r = .27] and suggests that the observed relationship between perceived
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dance quality and handgrip strength was partly mediated by the amplituderiabdityaof
central body movements; the proportion of explained variance fell from 16% [7%]

(unmediated) to 7% [2%] (mediated).

5.4. Discussion

The objective of the current study was to ascertain whether cardiovascular fithess and

strength (both upper driower body) could be detected in male dance moves by male and

female raters. A further component to this study was to establish if any particular

biomechanical variables were mediating these perceptions. It was predicted that stronger,
physically fitter GDQFHUV ZRXOG EH SHUFHLYHG DV P#ErmIMWHUY E\ |
was found that better rated and more masculine rated dancers were indeed stronger as rated

by male and female raters. In terms of biomechanical relationships;ta¢¢edancers

displayed larger and more variable movements of their arms and upper body, as well as

moving faster overall. Finally it was found that movements of the upper body somewhat

mediated the relationship between strength and dance ratings. These findings are in

accordance with research using static cues which suggests the face can signal Btréngth (

et al., 2007; Sell et al., 2009), as well as dynamic research that has found positive
DVVRFLDWLRQV EHWZHHQ PHQYY GDQFH PRYddREIQWYV DQG Z

quality (Hugill et al., 2009).

Cardiovascular fitness was not found to share any associations with dance quality
ratings. Whilst this initially appears to go against previous literature that suggests
cardiovascular fitness is observable in statitalgphotographs (Williams et al., 2000) and
bodies (Honekopp et al., 2007), such studies often mix strength based assessments ,so it may
be that cardiovascular fitness is not the significant contributor to attractiveness in these

studies. Another possiliy is that the length of time men danced in this study was too short
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to highlight their cardiovascular functioning. In the animal kingdom displays of vigour often

occur over protracted periods of time (Byers et al., 2010) thus revealing cardiac endurance.

In addition, lower body strength did not show any relationship with ratings of dance
quality. This is in accord with static research suggesting that lower body strength is not
related with upper body strength (Sell et al., 2009). In Sell et al., (26®8uthors also

noted that associations between lower body strength and attractiveness were not observed.

Toconclle WKH FXUUHQW VWXG\ ILQGY WKDW PHQYV XSSH
to both male and female observers via their dance movementse&ianically, dance
quality is positively associated with greater amplitude and variability of both the central body
and arms, and upper body strength appears to be conveyed by the variability and amplitude of
movements of the upper bodyurthermore, moveents of the upper body somewhat mediate
the relationship between dance quality ratings and actual str&agibe performance thus
appears to provide information about certain aspects of male quality to both females and

males.
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CHAPTER 6: STUDY 5, MALE DANCE MOVEMENTS AS A
POTENTIAL CUE TO AGE

6.1 Background

In Chapter 5t was found that both male and female observers rated stronger men as better
dancers. It was also found that larger, more variable movements of the arms and chest were
the best biomghanical predictors of betteated dancers. No associations however were
observed for cardiovascular fithess and perceplitiat study also utilised a cohort of male
raters and while their ratings did not differ to those of the female ratédrgaisesthe
possbility that males arelsosensitive to cues of strengthhis provides some support to the
hypothesis that intraexual selection maybe a driving force for selection of male typical traits
(Puts, 2010) and that males argively looking for cue$o such traits to assess competitors at

least as much as females (Sell et al., 2009).

Another trait of interest in both animal and human mate choice is female preferences
for older men. From an intersexual point of view, older men typically have proveinatu
skills, which might point towards a robust gene pool (Buss & Schmidt, 1993). Older men also
have traditionally been considered better mates because of their greater access to resources
and thus, greater ability to provide (Betzig, 1986; Summer$)20® highly social creatures
like many primate species as well as humans, age is typically positively associated with status
and higher social rank resulting in greater access to such resources (Bdgsin200mans,

female preference for relativelyd®dr men appears to be universal (Buss & Schmitt, 1993).

Contrastingly, the ability for males to gauge age in other males has not been explicitly

investigated in humans from an ingaxual viewpoint. Theoretically males might attempt to
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seek cues pertaimj to the status of other males, and age is thought to be a good correlate of

such social standing (Hart & Piling, 1960; Alberts & Altman, 1995; Buss, 2004).

Aside from age being a positive correlate of social standing and access to resources
however, pos puberty serum testosterone is in steady decline over time, particularly in
western cultures (Ellison et al., 2002; Feldman et al., 2002). This is attributed to a steady
physical decline for example, reduced serum T has been linked to a lower quaiigy of |
impaired sexual function, and lower bone and muscle mass (Travison et al.,, 2007).
Furthermore circulating T levels have been suggested to have an impact on cognitive
performance, particularly spatial tasks such as the mental rotation task (for esmigeet
al., 1983) although often these studies are confounded by experience and learning factors and
sometimes show curvilinear rather than linear relationships (Neave, 2008). Evidence from
testosterone reduction therapies (in the treatment of prasiater for example) has also
revealed that decline in serum T is related to negative performance outcomes on visiomotor
solving, slower reaction times in working memory task and impaired hit rate on vigilance
tasks (Salminem et al., 2004). This declind ias a result of older age might result in males

using age as a cue to the assessment of formidability and physical prowess.

The ability to gauge age via body movements has typically been investigated in
clinical/biomechanical contexts (for example Samsboral., 2001). A study reported by
Montepare and McArthur (1988) however suggests that when viewinglgbinivalks of
people of varying ages, observers can quickly apply psychological characteristics to the
walks such as younger walks were seen as mpowerful and happy as a result of a more
positive gait. Whilst this study found that raters were generally inaccurate when directly
gauging age, they did find that age related characteristics such as masculinity (including
dominance and physical strengthgxiness and happiness may be visible. This suggests that
whilst age itself is not observable, movement provides information on condition and as age
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increases, overall condition deteriorates (Samson et al., 2001). This may provide observers

with an indiect correlate or cue to age based on condition of the movement.

This study therefore aims to assess whether age information is cued via male dance
movements (as these may be more sensitive to gait differences than walking), and whether it
can be perceivelly male and female observers. Utilising the same methodology as outlined
in chapter 2, a broad sample of ages will be recruited to dance. Furthermore, biomechanical
factors will be extracted as chapter 3 to establish whether specific factors may be
influencing female perceptions as were found in chapter 4. Unlike previous studies in this
thesis, it is hypothesised that perceptions of good dancers should be negatively related to the

trait of interest, i.e. older men would be rated as poorer quality dancer

6.2 Method

6.2.1 Motioncapture setup & stimuli creation

The Vicon motion capture system was setup as outlined in chapter 2.

6.2.2 Participants

Thirty male participants aged B5. As a result of incomplete biomechanical data, 3
participants werelropped from the analysis leaving 27 participants in the data sen(age

= 38.9; SD = 15.5; range = ¥7

Forty female raters (aged -B®, m= 20.93, SD= 2.94) all in attendance at Northumbria
University, were recruited, each received course credit. liti@ado this, 19 male raters
(aged 2638, m= 27.00, SD= 4.98) were recruited online to participate as a result of time

constraints.
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6.2.3 Biomechanical analysis

The biomechanical variables that were entered into a principal components analysis
(varimay for further reduction. Like previous chapters, results revealed the same pattern of
factors for each body segment: factor 1; amplitude and variability of each arm, factor 2;
amplitude and variability of each leg, factor 3; amplitude and variabilityeotémtral body,

and factor 4; total speed.

6.2.4 Dance ratings

Participants were asked to rate perceived dance quality, masculinity-paiat Likert scale

and provide an estimate of the dancers age in whole years betwédn A& female
participantsthis was presented in Empirisoft MediaLab 2008 (Empirisoft Inc., New York,

86% RQ D " ODSWRS VFUHHQ [ UHVROXWLRQ ODOH
a highly similar format of presentation whereby they saw each male dancer. Clip order was
randomised for each participant. Clips were presented in a 640x360 (360p) pixel window on
their personal computer and participants were asked to make a visceral judgement after they
had seen each clip using sliders on the saip@in Likert type scales. Wit this resulted in

a lack of control of participant focus and the physical dimensions of the video on their

respective computers, the stimuli and scales used were the same.

6.3 Results

6.3.1 Descriptive statistics
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In terms of female ratings of dandeXDO LW\ PDVFXOLQLW\ DQG SHUFHLYH
revealed reasonable inteater agreement across perceived dance quality and perceived age
variables (.79 and .82 respectively). Perceived masculinity however showed much lower
agreement (.59) suggesy raters may have found this question quite difficult and did not

show a consensus.

,Q WHUPV RI PDOH UDWHUV &URQEDFKTV DOSKD UHYH
masculinity rating showed quite low inteater reliability (.51 and .42 respectiyglwhilst
perceived age showed reasonable reliability (.73). This indicates that raters could not
establish a consensus on good and bad dancers nor on masculinity. Due to the nature of the
format that male raters were presented with, it is possible thakaf interest in the study,
the inability to control for participant focus on the task or control over video presentation size

on different screens that is to blame for the poor reliability.

Tables9 and 10 show correlations between all rating variabies male andfemale
raters. Female raters appear to perceive better dancers as being youtigeridnot related
to ratings of masculinity Male ratings on the other hand do not reflect this pattern, as
perceived age did not influence their ratingsdaince quality, but masculinity did, with

betterrated dancers also being perceived as being more masculine.

Unlike other studies in this thesis, many of these variables are not strongly correlated
with one another which is likely due to the low intate reliability statistics for some of

these variables.
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Table 9: Correlationsdbetween rating variables for female raters.

Female Raters Perceived Perceived Age
Masculinity

Perceived Dance Quality r=.18 r=-43*

Perceived Masculinity r=-.20

* = Significant to .05 level

Table 10: Correlations between rating variables for male raters.

Male Raters Perceived Perceived Age
Masculinity

Perceived Dance Quality r=.61* r=.13

Perceived Masculinity r=-21

** = Significant to .01 level
As in chapter 5, male and female ratings of dance quality were correlated with one another

(Table11).

Table 11: Correlations between male and female ratings

Male rated dance Male rated masculinity Male rated age
quality

Female rated dance r=.71,p=<.01*

quality

Female rated r=.36,p=.07

masculinity

Female rated age r=.21,p=.52

** Significant to .01 level
Table 11 reveals that only ratings of dance quality are significantly correlated with

one another so further analysis also consitlezse as combined variables. Male and female
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perceptions of masculinity and estimates of age appear to be independent of one another so it

was deemed appropriate to keep them separate.

Perceptions of age and their relationship with actual age

In terms offemale perceptions, perceived masculinity was significantly negatively correlated
with the actual age of the dancer (¢.59, p = <.01) suggesting that dancers who were rated
as masculine were actually youngeXo significant relationships were observieetween
perceived dance quality and the actual afe¢he dancer (r =.14, p = .50 nor direct

perceptions of age and the actual afjthe dancer (r = .14, p = 19

In terms of male raters, no significant relationships were observed between
perception®f dance quality or masculinity on the actual age of the dancer (r = .05, p =.79, r
=-.21, p = .29 respectivelyA strong positive relationship was observed between male raters
direct perceptions of age and the actual age of the danseb4, p = <01). In other words,

older dancers we rated as being older.

The combined dance quality variables (male and female ratings of dance quality

combined) similarly reveal no significant relationships with the dancersl agjedr =-.26, p

=.89.
Biomechaical relationships

Next, significant relationships between perceptions of dancers and actual age were then
correlated against the four biomechanical factors in an attempt to ascertain particular

characteristics that may be influencing perception (i.g. Ioesfunctioning as mediators).

Firstly, simple correlations were conducted between the actual age of the dancer and

the four biomechanical factors (Arms, Legs, Central body and Overall speed) to determine



any trends in the way they actually moved. éswound that no significant relationships were

observed (Tabl&?2). This suggests that age is not related to distinct biomechanical.trends

Table 12: Correlationsetween actual age and the four biomechanical factors.

Total Speed Arms Legs Central Body

Dancers Actual Age r=.17,p=.41 r=.36,p=.07 r=232,p=.11 r=.02,p=.93

In terms of female rated masculinity (which saw a negative relationship with the
actual age of the dancer), significant negative correlations were observed witmshfactor
(r=-.55, p =<.01), legs factor (r<69, p = <.01) and overall speed factor &51, p = <.01)
but not the central body factor (r = .16, p = .43) suggesting that more masculine rated dancers
danced more slowly overall, and showed less @ogad and variability in the movements of

their arms and legs.

In terms of male perceptions of age (which showed a significant positive correlation
with the dancers actual age), a significant positive correlation was observed with the arms
factor (r = .56 p = <.01) suggestinghat dancers perceived to be older showed more
amplitude and variability of their arms. No relationships were observed between the central

body (r =-.23, p =.27), legs (r = .24, p = .25) or speed factors (r = .26, p = .20).

6.4. Discussion

The objective of this study was to ascertain whether the age of a male was encoded into his

dance movements.

W ZDV IRXQG WKDW IHPDOHV SHUFHLYHG pJRRGY PDO

XQUHODWHG WR WKH GDQF H§gdesBsRNdtXvihBt BgéHnay7iot e L QLW
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FRQVLGHUHG GLUHFWO\ DJHYV HIIHFW RQ FRQGLWLRQ PL.
more masculine were in fact older also indirectly supports this suggestion as it follows the
WUHQG RI 71V GH FEaukeJiHhag pasitive2fiddts &Hhe musculoskeletal system

and muscles (Hugill et al., 2009; Cardinal & Stone, 2006).

In terms of male ratings, a strong positive correlation was revealed between male
ratings of dancer age and the actual age of the dasuggesting that age was more
observable for males. However, as male ratings suffered pooratéerreliability, possibly

due to the online format, this finding should be treated with caution.

Biomechanically however, no relationships were obseredwden older and younger
dancers on the characteristics extracted. This suggests that older men did not dance
significantly differently from younger men, which might suggest possible limitations to the
biomechanical movement variables (duration, speeglitude and variability) in that they
could describe movement too generally. An alternative suggestion might be that the older
males who volunteered did so because they were very fit for their age and they could thus

reflect a biased sample of older males.

In conclusion, the findings of this study in relation to female ratings follow the trends
in previous studies whereby age cannot be directly observed but characteristics pertinent to
age can be applied them. Younger men were perceived to be bettersdandedancers
perceived to be more masculine were actually oldhich follows the trend of circulating T
levels. Male raters on the other hand were able detect the age of dancers in some way but
biomechanical relationships did not account for such dityalBiomechanical differences
were not observed between older and younger dancers, which may point towards limitations

in the sensitivity of such general measures.
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CHAPTER 7: GENERAL DISCUSSION

7.1 Overview of studiesand literature

The aim of thisthesis was to explore whether male dance was providing female observers
with cues to his physical and psychological condition, whilst addressing the issues of static
and structural confounds. In using a 3D optical motion capture system it was also possible

extract quantitative kinematic data (biomechanics) with great accuracy, allowing for the
analysis of individual movement characteristics that could be linked with certain male traits

as possible mediators. The following studies and their basic findnegsutlined below.

Study 1 (Chapter 2) established a reliable and robust method in which to record male
dance movements with great accuracy, and apply a realistic form (avatar) in which to present
to female observers. In order to test its viability, andard sex identification task was
employed which has previously shown robust findings in perceptual research (Troje 2003).
Findings indicated that this method allowed for very accurate perceptions of sex, suggesting
that the use of an avatar had no detnmbal effects on perception. The subsequent

experimental studies used the same avatar technique throughout.

Study 2 (Chapter 3) addressed the question of what makes a good male dancer as
rated by female observers. In an attempt to answer this questit@malés rated 15 second
dance clips of 19 men. From each dancer, kinematic information was extracted and correlated
with female perceptions. It was found that better rated dancers showed larger and more

variable movements of the upper body, as well as ngothieir right knee faster.

Study 3 (Chapter 4) aimed to ascertain whether health and condiladed

information is conveyed via dance moves to female observers (subjective health and FA
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measures) and whether these were in any way related to bioneathamaracteristics, in
particular the ones outlines in experiment 2 (chapter 3). Contrary to expectation it was found
that the current health status of the male was not associated with his dancing ability, neither
through subjective questionnaire measuwerts, nor more objective measurements of FA. It
was concluded that the low variability in health data outlined in the questionnaires may have
precluded its detection in dance movements or the relatively acute nature of the health

complaints in questionnas might not have significantly affected movements.

Study 4 (Chapter 5) investigated whether physical strength and cardiovascular fithess
were cued via male dance movements. Based on a recent paper by Puts (2010), instead of just
investigating this from m intersexual point of view (by using solely female observers), a
group of male observers were also recruited to investigate if they too could detect the strength
and fitness of a dancing male, which might point toward is¢peual signalling. Furthermore
biomechanical facets were also extracted which might point towards particular movements
mediating such cue# was found that better dancers (as perceived by both male and female
raters) displayed greater upper body strength, but not lower body stoerggtdiovascular
fitness. This study also found that larger, more variable movements of the arms and upper
body as well as faster overall movements were indicative of good dafindisgs that are
simlarto WKRVH LQ VWXG\ MEnQuUIFEisV e & &l sdv dar ke lBit€ Jvhkarger, more
variable movements of the upper body, which suggests that the biomechanical makeup of
HDFK GDQFHU DW OHDVW SDUWLDOO\ PHGLDWHYVY WKH UHC

dance quality and objective strength.

Study 5 (Chapter § continuedthe multidimensional approadinom Experiment 4
(intra and inter sexual) to investigate whether age could be detected in male dance
movements as this should have an effect on locomotion. Again, like the prsttidysage is

a fait of interest to both males and females and so matlers were also recruited.
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Furthermore biomechanical facets were also extracted which might point towards mediation.
Female perceptions wetarelated to the actual age of the male danseggestinghat age

may not be encoded into dance movements. Female raters did however perceive better
dancers to be youngeand the actual age of the dancer was negatively correlated with the
masculinity rating given by female rate8. DOH SHUFHSWL R VioleveG depe-F HU V ] |

positively correlated with the actual age of the dancer.

The main driving force behind this thesis is sexual selection, in particular the traits
implicated in solving adaptive problems that have arisen as a result of our evolutionary
heritage. Much of the work on mate choice in humans has centred on the role of intersexual
selection, in particular female mate choice. This is derived from the notion that females are
WKH pFKRRVHUVY RI PDWHYV DV D UHVXOWives MARYThis) LQFUHI
apparent choice is thought to have led to the development of a variety of conspicuous
ornaments and structures in males that are clearly a burden to the survival of the male and
have been developed at great physiological cost. ®igosuch as Zahavi (1975) and
Hamilton and Zuk 1987) discountedhe original supposition that these ornaments simply
develop as a result of a runaway process (Fisher, 1935) and hypothesised that they have a
PRUH VLJQLILFDQW YDO XfarmaiidR ghéuR tQeHyenatic/piiysical tQnbitdnlL Q
of the male. Many traits are preferred because of their adaptive benefits such as health, and
the ability to dominate other males to control the flow of resources. Such traits are not always
directly observald, but must be inferred in some way, generally via ornamentation and
physical condition. As females could pay dearly as a result of male deception, females should
evolve the cognitive mechanisms to enable them to differentiate between genuine and fake
cues They therefore look for honest signals that are difficult to fake, anexipigins why
many of these ornaments are a great handicap to males (Hamilton & Zuk, 1987, Zahauvi,

1975; Gangestad & Thornhill, 1997; Bradbury & Vehrencamg1p@®nly males of gnuine

122



genetic/physical quality can initially develop the ornaments, and then maintain them in spite

of physiological cost.

One ofteroverlooked avenue of potential signalling value is dynamic cues. The
animal kingdom is full of examples of how femaldserve and assess the complex feats of
vigour and skill of males as a means choosing a mate (Byers, Bg&% et al., 2010; Clark,

2009; Barske et al2011) The principal benefit of using movement as an assessment tool is

that it is very visual and cgpicuous. An additional benefit is that the ability to move in a
YLIRURXY DQG VNLOIXO ZzD\ UHTXLUHV WKH XVH RI PDQ\ RI
musculoskeletal and cardiovascular systems, which in essence makes movement an honest
cue as thee displays are often performed at intrinsic limégy(Clark, 20®). Ratherthan

movement being classed as a signal (which would suggest it has developed specifically for
the purposes of advertising quality), movement clearly did not develop for timegeubut

still honestly conveys conditiedependent information, and so it is classified by definition as

an honest cue (Bradbury & Vehrencamp, 2011).

In humans however, research of this kind is still in its infancy in the realm of sexual
selection, desfe movement having received much attention in the visual perception and
neurological domains, using novel methodologies to reduce the visibility of static cues known
WR LQIOXHQFH SHRSOHYV SHUFHSWLRQV 5HVHDUFK FRQF
sdection is still lacking, despite Farnell (1999) highlighting this lack of research over ten
years ago. It is known from the field of perception that humans are very adept at identifying
basic and higher order aspects of information, (such as sex, enhstatea and intent) from
sparse kinematic cues presented for very short periods of Roreegon& Frykholm, 1983;

Dittrich et al., 1996Brownlow & Dixon, 1997.
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Based on the definition of courtship displays in the animal kingdom, researchers have
beguUQ WR TXHVWLRQ ZKHWKHU KXPDQ GDQFLQJ LV VLPLODU
physical condition. Dancing is seen as creative, expressive, communicative, and centres
around sexuality (Kaeppler, 1978; Hannah, 2010). Indeed some evidence suggestdethat
dance informs female observers about his strength (Hugil et al., 2009), and ratings of dance
quality are positively related to prenatal T exposure (Fink et al., 2007). However this research
has beerconducted using Gaussian blurred videos thatiltin very degraded stimuli, and
WKH KHLJKW DQG EXLOG RI WKH SHUVRQ VWLOO pOHDNVY "
motion capture suite and animation software to control for height and build, Brown et al.
(2005) attempted to link dance movemewtohysical condition (via comparisons with FA).

The technique used was exceptionally good at keeping motion cues pertinent whilst
eliminating confounding variables, however their findings were found to be fraudulent

(Trivers, 2009).

7.2 Do male dancemovements provide cues to reproductive quality?

Thenovelfindings reportedn this thesis do indicate that male dance movements provide

some cues as to the reproductive quality of the male, and such information is provided to both
females and males. Maost the previous literature has employed an irdexual perspective

to the investigatiof cues and signals whereby males were assessed by females on their
apparent reproductive quality. This thesis initially followed this perspective by using male
dances being rated by female raters on dance quality and masculinity. Based on the work of
Fisher (198) and later Zahavi (1975) and Hamilton and Zuk (1982), female mate choice

drives the development of conspicuous ornaments that would otherwise be elirnjnated

natural selection because of the handicap they exert on the male. It has been hypothesised that
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these ornaments are preferred by females because they signal or cue information to other
desired traits that are not directly observable but are importagpiaduction, protection and
offspring prosperity. This has resulted iweaalthof research concerned with identifying
ornaments, what they signal, and whether they lead to increased reproductive success.
Research investigatirgignals has often exploréblembased on attractiveness (in particular

the face)

Thus, akey question in this thesis was to explore what dance movements are
considered attractive to femal@he results indicate that there is a general consensus among
women about male dance qumgliand the extraction of biomechanical characteristics that
describe dancevere on the wole successful. By extracting kinematic data from each dance,
it was rewaled that the key predictors of perceived quality were amplitude and variability of
the uppetbody (trunk and neck) as well as speed of the right Kneg more salient context,
better dancers showed greater twisting of their chest and shoulders whilst moving their right

leg (possibly because they were standing on thewdooninant leg).

Hannah(2010) stated that from an anthropological perspective, dance in humans is
considered to be an important aspect of mate attraettowell as an expression of sexuality
and so theskarger, more variable movements might form the basis of attractiorpeahdps
express traits relevant for sexual selection in .n@mparative literature suggeghat male
motor displays (particularly vigorous and skilful movements) may provide valuable cues of
physical condition to females that are impossible to fakes theking them ideal for the
assessment of mate quality (Byers et al., 1994; Byers eDa&D).2 In the past 10 years, some
researchers have begun to apply this supposition to human dance with some success: Brown
et al. (2005) found a relationship betwaeale dance moves and bodiyctuating asymmetry

D PDUNHU RI GHYHORSPHQWDO VWDELOLW\ EXW GLGQT\

VHOHFWLRQ ORUH UHFHQWO\ GDQFH KDV EHHQ VXJJHVWH
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exposure which is thought to derlie many male sexual traits (Fink et al., 2007) as well as a

cue to his physical strength (Hugill et al., 2009).

The movements outlined ithis study, particularly those of speed and amplitdde
well within the notion of vigour. Movement skill howewis somewhat more subjective and
the general biomechanical characteristics extracted do not capture skill in the same way that
vigour can. Female participants did however share a consensus of a good dancer and this
guestion likely implies that skill isnvolved. The finding that variability plays a role in
female preferences of good dancers is likely because a monotonous movement is less

interesting to watch.

It is known that female animals pay close attention to courtship movements in order to
gain cuesas to the genotypic and phenotypic quality of the male (Houl€éo&drashoy
2002). Researchers have therefore begun to focus on movement as a possible signalling
PHFKDQLVP LQ KXPDQV 7KXV IDU SRVLWLYH UHODWLRQVKI
movements, strength andymmetry (Hugill et al 209, Brown et al., 2005). Reliable
estimations of physical strength (especially ugpadly strength) can also be extracted from
male facial characteristics (Fink et al., 2007; Sell et al., 2009) and so the faredyody
may be acting as a conditiaiependent ornament of certain aspects of male quality (Fink et
al., 2010).Study 3 (chapter 4yought to investigate whether kbaand developmental
stability (both key characteristics in good mating chojcage ewodedinto male dance
movementsHowever, ealth information watoundnotto beencodedn male dancgthough
it is suspectedhatthe questionnaires used reflected rather minor health complaints that may
not have significantly affected movement, espécigiven the short performance time of 30
seconds. In addition, no relationships between dance quality ratings and the FA of the dancer

were observed. This is in contradiction to the Brown et al. (2005) research but as this work
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was later shown to be frauként (Trivers, 2009) it could be that in a normal population FA

may not be related to dance quality.

It has often been considered that in human mate choice, females are the driving force
in the development of male cues and signals (e.g. Buss, 2004;, M0@r). However more
recently this directional hypothesis has been challenged by Puts (2010) who argues that the
strongest forms of selection occur in int@xual contexts as there is only one winner (for
example fights for access to females, sperm ctitigp®. Past research into male weapons
(such as antlers or condition of canine teeth in primates) for example has revealed that other
males use the appearance of these structures in order to assess formidability, dominance and
overall condition (Bower,teal., 2001, Manning & Chamberlain,1993 Troisi et al., 199Q)In
KXPDQV WRR D PDOHTV ILIJKWLQJ VWUHQJWK XSSHU ERG\
women (Sell et al., 2009). Based on this it may be logical to presume that males could be
usingalRWKHU PDOHYV GDQFLQJ WR JDstudy2 $HRMEHRDIWRD O FRPS
IRXQG WKDW WKH XSSHU ERG\ LV LQ VRPH ZD\ LPSRUWDQW
dancers and in the current study the arms were particularly characteristic oflayomats.
Upper body strength from both the chest and arms is indicative of the abitifiidbdamage
to an opponentand this is thought to be as a hésof intrasexual competitiorthus
explaining why such large differences are observed betweerantewomen in upper body
muscle massThe remainingstudies inthis thesisthereforealso utilised male rateia order

to investigatehesehypothess further.

Study 4thereforesought to investigate whether strength and physical (cardiovascular)
fitness ae cued bymale dance moves and could be detected by feamalenaleobserversin
humans, reliable estimations of physical strength (especially {nmolsr strength) can be
extracted from male facial characteristics (Fink et al., 2007; Sell et al., 2008h&ger et

DO 3RVLWLYH UHODWLRQVKLSY KDYH DOVR EHHQ IRX
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their actual physical strength (Hugill et al., 2009), and so the human face/body may be acting
as a conditiordependent ornament of certain aspects oemahlity (Fink et al., 2010). The
HIWHQW WR ZKLFK PHQ T Mo G sDengtdtd dhenRriyHaSyetto BeX H V
investigated. Whilst some studies report that cardiovascular fithess can be detected in static
images of bodies (but not faces; Hongli@t al., 2007), research to date is yet to explore

whether cardiovascular fitness is encoded into dynamic displays.

Significant positive correlations were found between male hand grip strength and
perceived dance quality and masculinity, such that nwatbsgreater upper body strength
were also rated as being better dancers and more masculine. This finding is in accord with a
previous study reporting that male dance is associated with grip strength, despite different
methodologies (Hugill et al., 200@hd supports the notion that both men and women have
HYROYHG FRIJIQLWLYH DGDSWDWLRQV IRU WKH YLVXDO DVVl
and movements (Fink et al., 2007; 2010). However, it cannot be acknowledged that these
results in themselvesan be interpreted in terms of different mating strategies (i.e. female
preferences vs. male competition) as males and females were only asked for their initial
assessments of dance quality/masculinity. In order to address this question in more detail,
future studies could ask females for example about their preferences for dating such males,
while males could be asked their perceptions of the dominance and/or fighting ability of the
dancers.

No relationships were found between lower body strength (jungbtend
perceived dancing ability. This is initially puzzling as one would perhaps expect that upper
and lower body strength would be providing the same information to an observer and
especially for dancing ability we expected that lower body strengtiidviorm a useful

assessment. Previous research by Sell et al. (2009) also noted this discrepancy, in their study,
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upper body strength could be accurately determined from facial photographs; yet lower body
strength could not. They also found that percefiguting ability was strongly associated

with upper body strength, and concluded that this ability to discern-yopgrstrength is
SULQFLSDOO\ EHFDXVH PHQ DUH ORRNLQJ IRU FXHV RIl plIRU
potential rivals. Upper body singth is highly related to fighting ability as it reflects the

ability to do damage especially in intsaxual conflicts, and the ability to gauge strength

before potential conflicts is sensible, especially to other males (see also-Rejez et al.,

in press). This supports the argument of Puts (2010) who explains that upper body strength
and associated conflict traits such as size, aggression and dominance primarily evolved via
intra-sexual conflicts with other men, rather than via wsiexually like may researchers

assume. However, as we did not ask the male raters to judge the male dancers on their
perceived fighting ability, this cannot be confirmed. Relationships were however found
between perceived masculinity and lower body strength in that maseutme rated males

also showed greater lower body strength. Whilst this finding is contrary to the findings of Sell
et al., (2009), masculinity itself is often associated with muscle mass which might be why this
is associated with masculinity rather ttdamce quality.

One element of courtship displays that appears to be of particular significance is that
of vigour; male animals that can engage in higgergetic displays are providing the female
with cues to their condition and overall quality (DarwiB8/1; Byers et al., 2010; Fusani et
al., 2007; Barske et al., 2011). Physiologically, displays of vigour over long periods of time
rely upon good cardiovascular fitness, which is a good sign of overall health. This view is
supported in this thesis as thpeed at which a male danced vpasitivelyrelated to their
dance quality rating. However, whilst one might hypothesise that such displays may be
related to cardiovascular fithess and used as an honest cue to condition, this was not found to

be the case ithis thesisas cardiovascular fithess was negatively related to speed of



movement and not related to dance quality ratiDgsice performance time may have played

a significant role in thiginding.

A final study sought to investigate whether age wasatfable in some way via male
dance movements. From an evolutionary perspective the ability to gauge age stems from its
negative relationship with physical condition. Females should be looking for males in good
physical condition but this is a tradéf because older men typically have greater access to
resources and financial prospects £8& Schmidt, 1993; Buss, 2004)estarchiends to
suggest howevdhat women tend to marry men only slightly older than themselves (around
3-5 years; Buss & Schmidt, 189 In terms of dance quality ratings in this study, females
perceived the best dancers to be younger which somewhat supports the notion that dance may
be able toconvey physical qualities to femajeso one might not expect to see a positive
relationship However female perceptions of male dance quality were not related to the actual
age of the dancesuggesting that age may not be considered in dance movements directly
but rather its effect on condition can be. This is also somewhat indirectly suppgrtbd
finding that female ratings of the masculinity of the dancer was in fact negatively correlated
ZLWK WKH GDQFHUYfVY DFWXDO DJH VXSSRUWLQJ ORQWHSD
key factor in physical and behavioural masculinisation espgadmathales (Fink et al., 2007;
Neave, 2008)s known to have positive effects on the musculoskeletal and nervous systems
and has anabolic effects on muscle mass (Cardinale & Stone, 2006; Hugill et al., 2009). At
puberty, circulating T levels steadily risatil around early/midwenties where it reaches a
peak and then steadily declines with age (Feldman et al., 2002). cboigled with the
finding that females rated younger men as more mascudises the possibility that T may
be influencing conditionand is reflected in dance movemen#though this remains

speculative at this stage.
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Because of its negative relationship with physical condition, age should be a trait of
interest for other maleand movement might be used in addition to other cugdhysical
condition that can be assessed via other mediums such as the face to reduce possible
uncertainty From an intresexual point of view, the ability to accurately gauge the
formidability and condition of other males is important for the avoidanceaoh during
conflicts (Sell et al., 2009; Puts, 2010). It was found that male ffaieest perceptions of the
age of the dancer were positively correlated with the actual age of the,dagggrsting they

could discern age from such movemettigis suporting this perspective.

Despite this correlation between male rating of age and the actual age of the dancer,
the biomechanical characteristics extracted did not establish any trends between the way
older and younger men danced. Given the evidenceliyaical ability and condition decline
with age andhis has a negative effect on movement (Samson et al., 2004)suggests

possibldimitations to the characteristics extracted in detection of quality.

Overall, this thesis found that condition depemdmformation was encoded into
dance quality and unearthed the possibility that male dance movements provide cues to both
men and women. However it did not explore the key question of which selection pressures
lead to the development of such cues from @amovements (i.e. whether inter or intra
sexual selection). Much of the previous literature seems to onlydeoribe viewthat female
choice has formed the development of ornaments as signals/cues to condition (e.g. Buss,
2004; Miller, 1998). HoweverPuts (2010) argues that mate choice (intersexual selection)
may not be the primgrmechanism in sexual selectidnstead of the popular viewpoint that
cues and signals in males are detected by females to make mate choice decisions, many male
typical traitsfavour selection via intrgexual conflict such as physical prowess, athleticism,
weapons (e.g. antlers) and aggression. Contests, whereby threats or acts of violence fully
exclude other malefaccess to mating opportunities creadgesiore cleacut mechaism of
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directional selection because the outcome of such conflict is very deasigewinners

completely exclude other parties. A pringdipexample of this is in sperm competition

whereby only one is successfahd VR RQO\ WKH ZLQQHU®/ ThudQisV DUH S
perspective and evidence from this thesis provides a viable avenue of future research that
should attempt to tease apart this argumentadgiing females about their preferences for

dating and ask males questions based on dominance (e.dleMard Mazur, 1997) and

potentialfighting ability (Sell et al., 2009).

7.2.1How does dance fit into evolutionary theory?

There is avell-established researtiaseconcerning static cuesid mate assessment in

humans and this thesis has extended thiedmgs to show that certain dynamnmwvemensg

also play a significant role iproviding information about certain relevattributes This

provides support for gnultiple cues hypothesfs HMVdller & Pomiankoskj 1993)in
humansHowever there arseveral hypotheses as to whether the use of multiple cues
provides information on different matgialities (multiple messages hypothesis) or common
matequalities (Johnstone, 1996). The reason why the same trait may be advertised via
multiple modalitiess because it is thought that, to some degree at least, signals may not be a
100% accurate representation of the trait of interest (i.e. error in signalling), this is also
NQRZQ DV WKH PUHGXQGDQW VLIJQDOOLQJ K\SRIMIGHVLVY :K
argumentgfor a review, see Candolin, 200&)e results in this thesis provide some support

for the redundancy hypothesis because physical strength and age for example can also be
detected in static pictures of faces and bodies (e.g. Sell 20@8). The use of multiple cues

in this way may be used to produce more accurate decisions and to reduce receiver

uncertainty as this brings obvious mating benefits (Sell et al., 2009). In addition to this, the
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use of seF D O O H-X S BFDXHHN/ {1  PoeNliHidultLfol/the sender to deceive the receiver

with dishonest informatonL H PDNHV LW PXFK PRUH GLIILFXOW WR puF
that, at least to some degree, dishonesty is expected in signalling systems (Dawkins &

Guildford, 1991). Afurther component of this hypothesis is that it allows for receivers to

expend less time and energy investigating senders if a trait is presented via multiple

modalities, and also facilitates the detection of differences between two similar potential

mates However whilst the results in this thesis regarding cues to physical strength and age

have also been found to be detectable in static modalities, it is unknown whether receivers of

such signals use both modalities in order to reduce error or use ortheowéner, thus

providing an avenue for future research similar in nature to Sell et al. (2009).

7.3.Study Limitations and Future Directions

Throughout this project, several methodological constraints have become apparent. Many of
these stem from thereliminary and novel nature tietechnique used for recording

movement and the procedurés. a resultthe scope for future researctbimad

Firstly, a general issue arose inslidies in this thesis that could not be remedied.
Occasionally, thevatar on the poinlight skeleton was a poor fit. The avatar was of
standardised height and build, and could cope well with the majority of optical data from
Vicon. However participantwho were particularly short (i.e. five feet and below) caused
problemswith limb articulation thus creating an unnatural looking representation. This data

was typically dropped from analysis because of this anomaly.
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A further issue stemmed from the amount of time each male danced for. Initially, the
30 second performance pat was informed by the amount of time for participants to get
settled into the system and to record a feasible amount of data. However findings from
studies pertaining to health and physical fitness raised the possibility that this may have been
too short In the animal kingdom, feats of vigour (in ungulates for example, Byers 1994;
1997; Hebets & Uetz, 1999; Byessal., 2010rantake place over extended periods of time
thus showcasing the maflestamina, endurance and cardiovascular capabilitie® If th
performance tim&vas extended and perhaps the latter aspect of a males dance shown to
observersor if participants exercised to a state almost reaching exhaustion, and then danced
for 30secthese traits may become more appamtawing observers toiscern with greater

ease.

An important limitationstems from the inability to time lock rhythm onto stimuli for
presentation to raters. Rhythm and the ability to keep a beat are key compotientsirce
aestheti@and the two are inextricably linkéavallin et al., 2000) This is thought to be a by
product of vocal mimicry (essentially the ability to learn language skills) and thus an
explanation of why music always accompanies daRage{, et al., 200Bchachner et al.,
2009). Whilst male dancers weakvays presented with the same rhythm (a 125bpm, drum
beat), they each started their dances at different times @ivbgnvereready). Also, whilst
typically the middle 15 seconds of each dance was extracted to Autodesk Motionbuilder, this
would represerd different point in the drum track thus making it impossible to perfectly
align rhythm postoc. Furthermore, it was not possible to analy¢& H G DirQeFkeldgifig/
performance with the available equipment. Because of these issues, it was deemed
appropiate to exclud the rhythm track from rate8resumably, information regarding the
coordination of a male dancer should better reveal his physical conditidigive raters

greater confidence in their decisions if the rhythm is presented alongsiderfibrenance.
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Other methodological issues arose from the choice of data extraction. In the age study
(experiment 5¢hapter 6), it was found that the biomechanical characteristics that were
extracted from each males dance (amplitude, variability, speeduaation) were not
sufficient to significantly differentiate between older and younger dancers. The literature on
the subject of age (e.g. Samson et al., 2001; Travison et al., 2007) stigafgdtgsical
condition deteriorates with age and thus affeeit g The reason for choosing general
measuresf amplitude, variability, speed and duration of movennmefte first instance was
because of the highly preliminary and novel nature of this research but Vicon Nexus allows
for virtually limitless movementharacteristics to be extractest choice of what movement

data to extract iakey consideration.

A further noteis the use of correlational design employed in all studies. Because of
the large amount of biomechanical characteristics in particulanesds to exercise caution
when interpreting such correlations in order to avoid false positive results (error of the second
kind). This would typically be addressed using Bonferroni corrections or siiddarever,
due to the magnitude of most data conteysubtle cues of condition (such as symmetry &
PT) being relatively small, using Bonferroni corrections might be too stringent in this case. In
addition to this, results appear to support both previous comparative (Byers et al., 2010) and
human literatue (Hugill et al., 2009; Neave et al., 2Q1h future studies, largeample

sizes and more precise targeting of biomechanical variables of interest will combat this issue.

Sampling issues must also be highlighted here. Studies in this thesis required
volunteers to do potentially embarrassing things they typically would not do whilst be
watched (never mind recorded), only a certain type of person who was reasonably confident
waslikely to volunteer (i.e. a certain personality). Many gait perceptiatiestueport that
characteristics such as emotion (Polkgtlal., 2001; Atkinson et aR004) and intent

(Runesor& Frykholm, 1983) are accurately detected in gait. These studies suggest that many
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attributes about the person are encoded into their galit @01), which raises the

possibility that personalitased characteristics are also presented in the dances of others.

From the outset, this thesis revealed that amplitude (size) and variability were important
characteristics of a good dancer and ¢éhmsvements may be indicative of certain

personality traits such as extraversion. In pbgtit walkers this has found to be the case

(e.g. Heberlein et al., 2004; Ambady & Rosenthal, 1992) and a preliminary investigation by

Fink et al., (2012) has fouritdat conscientiousness and agreeableness are positively
DVVRFLDWHG ZLWK ZRPHQYYV SHUFHSWLRQV RI PDOH GDQFH
biomechanical underpinningsr how important they are in predicting dance quality ratings

remains unknowysthusforming a strong rationale for future sted

In rating studies, female ratejasdgements were sought in order to establish evidence
for intersexual selection. However, their stages in their menstrual cycle were not controlled
for. Female preferencésr certain male characteristics have been found to fluctuate
throughout the menstrual cycle. It is hypothesised that females become more attentive to
markers of physical condition during the most ferti@@licular) phase of the cycle (Penton
Voak & Perett, 2000) and make decisions of quality that they do not make at other times
(e.g. preferring the scent of men with low FA; Gangestad & Thornhill, 1998). Jones et al.,
(2005) repordthat health and conditierelated benefits are of higher interest dgrfertile
phases of the menstrual cyolhereas investmetfitased cues are preferred durihngnon
fertile phase, which results in females showing a decreased preference for feminine faces
during high fertility. PentotYoak and Perrett (2000) reporatrexaggerated-felated facial
features (i.e. a more masculinised face) are preferred during the fertile phase of the cycle than
duringnonfertile phases. Highly masculinized faces are generally not found to be the most
attractive in the majority of stuek that digitally manipulate such features because such faces

are thought convey negative social characteristics such as aggression (Mueller and Mazur,
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1997; Perrett et al., 1998) and an unwillingness to invest (Fink & P&fdak, 2002)

despite this beig a signal of health (Rhodes et al., 2003). Pektmak and Perre{2000)

concludel that females prefer more exaggerated masculine traits during high fertility because
of heightened sensitivity to characteristics that are thought to reveal physicaiccgaaid T

is thought to be an immunosuppressant thus is an indicator of physical condition

(Folstad & Karter, 1992). This preference for masculinisation has also been both replicated
(Little et al., 2008) and extended to voices (which are knowe iafluenced by T) with

females during fertile phases preferring deeper voices (Feinberg et al., 2008). Controlling for
menstrual cycle effects has received virtually no attention with regard to perceptions of gait
quality in the context of sexual selectidHowever a recent paper by Zwan and Herbet (2012)
controlled for such effects. The authors presented male and female walkers-irgpoint

format to females during peak fertility and rfamtility phases of the menstrual cycle. The
walkerswere alteredo show slight gait asymmetries and it was predicted that during peak
fertility females would prefer the symmetrical gaits because this would be indicative of
physical condition. Contrary to prediction, the authors found that preferences of low and high
FA gaits did not change over the menstrual cylatevever fertile females showed

fluctuations in the rating of female walkers over the cycle. During high fertaityale

observers showed a marked decline in rating of female walks compared to the rteng of
same walks in their nefertile phasewhich supports the pattern of results found in previous
studies involving the femininity of faces over the menstrual cycle (Jones et al., 2005).
Overall this pattern of findings reveals that any mate choiceaglquiestionsvould profit

from taking into accounmnenstrual cycle phasagen using female raters.

Another avenue that would directly extend the current body of research is that of
sexuality. It has been proposed that sexual orientation in humamseas/kat influenced by

prenatal sex hormone exposure (often measured via 2D:4D) however research appears mixed
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with some reporting that homosexual men have lower fileggth ratioghigher exposure to
prenatal T) than heterosexuals (Manning, 2000), pgsagh result of the fraternal birth

order effect (Rahman & Wilson,. 2003yhile some studies report higher ratidgppa, 2003)

and some report nelationshipbetween 2D:4D and sexuadientation(Williams et al.,
2000).Homosexuals are also reportesislhowing oppositeex patterns of height and weight
(Bogaert & Blanchard, 1996) and occupational interests (Bailey & Zucker, 1995). Evidence
also suggests that sexual orientation can be judged via short dynamic gait displays (Ambady,
Conner & Hallahan, 130) and can be judged more accurately in men (Johnson, Reichman &
Tassinary, 2007). Such evidence suggests that gait differences may exist between
homosexuals and heterosexuals that might influence perceptions and biomechanical

characteristicshus makinghis a logical avenue of study.

The development of many male traits pertinent to sexual selection, botraimder
intrarsexually, are thought to be under the influence of T. Prenatal T (PT) in particular has
been linked to male performance in many spgractives such as performance in endurance
running (Manning et al., 2007), surfing (Kilduff, et al, 2001), fencing (Voracek et al., 2006),
rugby (Bennett et al., 2010), sumo wrestling (Tamiya, et al., 2012) and sprinting (Manning &
Hill, 2009). It is hypothesised that PT has had organisational effects on the cardiovascular
(Manning & Taylor, 2001; Manning, et al., 2007), nervous and musculoskeletal (Voracek et
al., 2006; Kilduff, et al, 2001) systems that is attributed to performance in such sporting
enckavours. PT is also thought to provide organisational effects on the malntesce
producing masculizedstructures such as increasefhw size more robust javehapeand
prominent brow ridges (Keating et al., 1981; Thornhill & Gangestad, 1996; Graetral.,

2003), which has led researchers to hypothesise that PT underlies many traits of interest for
sexual selection (Neave et al., 2003). Given that T has positive effects on physical

performance in sparand has links to all of the traits investiga in this thesis (health,
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FDUGLRYDVFXODU ILWQHVYV VWUHQJWK DQG DJH DQ LQYH
seems a logical extension of this thesis. Indeed Fink et al., (2007) has previously found links
between 2D:4Dd proxy for PT effecty and female ratings of male dance quabktiyhough

whether this has effects on biomechanical characteristics of dance is currently unknown.

A consideration based on the findings of this thesis is to further probe the role intra
sexual selection plays the signalling capacity of human movements. Whilst istxual
explanations for female preferences of male traits are widely researched, the ability for males
to detect cues in other males in order to assess traits pertinent-seixuied competitions
generally underesearched. Because of the conspicuous nature of movement alongside its
notable relationship with condition should provide males with cues to formidability and

potentially dominance.

A final limitation is thatthe question of culturaliffierences was not explored in this
thesisbecause of the relatively homogenous sampl#aoters and ratevgho volunteereda
take part Thus,questions pertaining to whether culture plays a significant role in perceptions
of dance quality, especially meptions of dancing from different cultures remains untested
to date It is known that culture, context and musical style play a large role in the style of
dance (Kurath1960; Kaeppler, 197&nd is well documented worldwide (Hanna, 2010)
However, @spte the gap in this thesis pertaining to culture, Hannah (2010) argues that whilst
the forms of dance may differ (both intra and inter culturally), they communicate common
meanings of sexuality, gender and identity and all forms of dgpa=lly show empésis of
secondary sexual characteristics such as the pelvis and uppeAlsmjyone might predict
that if dance quality provides cues to physical condition, ratings may be similar in mixed
culture samples as common components in the dance may be S¢€pa¥ HUVD OO\ RI pJRF
TXDOLW\Y PXFK WKH VDPH DV UHVHDUFK FRQFHUQLQJ IDFL

Nonetheless, it is clear given the diverse nature of dancing styles worldwide that the
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biomechanical makeup of such dances will differ greatking the biomechanical

characteristics making up such quality ratings difficult to investigate.

7.4. Overall Conclusions

In conclusion, movement as a cue to male reproductive quality is chronically under
researched to date despite overwhelming attert@ng paid to static cues. In the animal
kingdom dynamic cues have received quite a lot of attention comparatively and vigorous,
skilful male displays are quite well documented and are thought to signal condition. This has
led to the hypothesis that thaetistic form of dance in humans similarly may convey qualities

of interest to observers.

This thesis firstly sought tdevelopa robust methodology for testing the signalling
capacity of human movement which eliminates cues known to influence mate choice
perceptions such as height, build and attractiveness whilst maintaining a highly realistic
human form. This objective has successfully been achieved as evidenced through both
validation of such a method against known robust perceptual tasks such agaition

and empirical studies investigating honest cues.

The next objective in this thesis was to discover if particular movements or
ELRPHFKDQLFDO FKDUDFWHULVWLFVY ZHUH PHGLDWLQJ WKH
and traits of interest. Thwas also achieved as it was discovered that the size and variability
of movements of the upper bgdyrms and overall spe&cere particularly important
predictors in studies reported in thiesis. Furthermore, in one study mediation was
observed whet®y movements of the central body explained adaipuntof the variance

between male perceptions of strength and male obsdratrgys of the dance quality.
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A final (andparticularlyimportant) objective of this thesis was to utilise this novel,
cutting edge methodology to investigate cues known to be of interest to females. This too has
been successfully achieved and female perceptions of dance quality have been positively
related to physical strength. Also, a negative correlation was observed bémedsn
perceptions of masculinity and the actual age of a male dancer thus providing evidence that
physical condition may be encoded into the dance movements potentially following the
pattern of testosterone decline with age. In the final two studiesratats were recruited
following an influential paper suggesting males as well as females should have access to
traits that have evolved via sexual selection. It was found that male raters showed a positive
correlation between their perceptions of dancdityuand the physical strength of a male
dancer as well as finding that male raters could directly perceive the strength and age in male

dance.

In final conclusion, this thesis has developed a cutting edge, novel methodology in
which to record movementith clinical accuracy whilst maintaining a highly realistic form.
Using this new methodology, exploration into the signalling capacity of male dance
movements has been conducted with the ability to investigate whether specific movements
are conveying or aing this information. It was found that aspects of condition such as age
and strength could be detected by observers via their perceptions of dance quality,
masculinity and age. Furthermore for the first time, quantitative analysis (biomechanical) of
movement was conducted which has revealed that larger, more variable movements of the
upper body and arms as well as overall speed of movement are important predictors of dance
quality ratings and that the chest in particular partially mediates the relafidrethieen
ratings of dance quality and physical strength. Other novel findings include a direct
relationship between male ratings of age and the actual age of a dancer and a negative

relationship between masculinity and the actual age of a dancer by fateate The

141



extensive scope and novel findings in this study have resulted in a multitude of rich research

avenues to explore thesisuring researdh this fieldgains much needed momentum.
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Appendices

Appendix A: Methodological Details

Table 1: PlugIn-Gait marker names and their distribution on the Motionbuilder Actor model.

Actor Body Segment

PlugIn-Gait Marker

Head

Shoulders (Left & Right)

Upper Body Segment

Waist/Hip Segment

Upper Arm (Left & Right)

Forearm (Left & Right)

Hand (Left & Right)

LFHD (left front head)
LBHD (left back head)
RFHD (right front head)
RBHD (right back head)
LSHO (left shoulder)
RSHO (right shoulder)
C7 (upper back)

T10 (lower back)

CLAV (clavicle)

STRN (sternum)

RBAK (upper right back)
LASI (front left hip)

RASI (right front hip)
LPSI (back left hip)

RPSI (kack right hip)
LUPA (left upper arm)
RUPA (right upper arm)
LELB (left elbow)

RELB (right elbow)
LFRM (left forearm)
RFRM (right forearm)
LWRA (left inside wrist)
LWRB (left outside wrist)
RWRA (right inside wrist)
RWRB (right outside wrist)

LFIN (left finger)
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Upper Leg (Left & Right)

Lower Leg (Left & Right)

Foot (Left & Right)

N.B LTOE/RTOE markers were not used

RFIN (right finger)
LTHI (left thigh)
RTHI (right thigh)
LKNE (left knee)
RKNE (right knee)
LTIB (left tibia)
RTIB (right tibia)
LHEE (left heel)
LANK (left ankle)
RHEE (right heel)

RANK (right ankle)
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Appendix B: Unpublished health questionnaire

Please indicate how many times you hhagd each of the following health complaints

0

Have never
experienced

1

2

3

4

3 or4times Every month Every week More than

per year

or so

or so

once a week

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Colds or flu
Athletes foot
Wheezing

Mouth ulces
Sore throats
Fungal infections
Headaches
Constipation
Diarrhoea

Heart burn

Itchy eyes
Difficulty sleeping
Feeling tired
Feeling thirsty
Feeling hungry
Feeling too hot
Feeling too cold

ltchy / dry skin

Sneezing without a
cold

Blocked / runny nose
without a cold

MH CQ SCORE
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Placeholder for Lab Diagram
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Glossary

Glossary of Terms

2D:4D. Second to forth digit ratia A proxy measure of prenatal testosterone in utero. Lower

ratios indicate higher exposure.

FA. Fluctuating AsymmetryA measure of developental stability based on the apparent
differences in size between bilateral structures of the body. Low symmetry is typicall

attributed to robust genes.

fMRI . Functional Magnetic Resonance ImagiAdorain imaging technique that measures
the blood concerdition to map functioning of specific brain regions by detecting the

difference in magnetic fields as a result of high haemoglobin.

MT . Middle Temporal Aea A brain area on the border of the occipital and temporal lobes

that preferentially responds to allovement stimuli.

MTG . Medial Temporal GyrusA region in the temporal lobe that seems to show preferential

activation for tool use.

PL. PointLight. A method of capturing movement on video whilst minimising structural
cues (such as attractiveness). Aeseof lights are attached to joints and structures of the

body during filming and the resulting tape is altered to show only the points.
pSTS. Posterior Superior Temporal Sulc@ee STS
PET. Positron emission topographinternal body imagingechniquen which a radioactive

isotope is injected into the blood stream that can be mapped by a special scanner.
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rTMS . Repetitive transcranial magnetic stimulatidnnon invasive brain investigation
technique whereby a magnetic coil is placed over the perkahsrsat temporarily disrupts
or excites the electrical activity of specific brain sites in order to investigate their role in

activities.

STS. Superior Temporal Sulcué brain structure located in the temporal lobe of the brain.

The structure appears lbe related to perception of emotion and biological movement.

T. TestosteroneAndrogen hormone typically associated with anabolic effects on the muscles
and masculinisation of physical features and behaviour. Sometimes differentiated between
prenatal (orgnising) testosterone and circulating) testosterone (attributed to aggressive and

dominant behaviour).

V1. Visualarea 1, located in the occipital Iqlikis brain region is where visual information

from the eyes culminates and represents the first stopdual information processing.

V5. see MT

Software Glossary

AutoDesk MotionBuilder (2009, 2010, 2012). Professional animation software that allows
for the mapping of an avatar (virtual person) to optical motion capture data. The avatar

standardisese height and build of the motion data.

Vicon Nexus(v1.05-v1.7). Motion capture software that integrates with capture hardware to
record movement by detecting reflections of round reflective markers placed on the joints of

the body. Nexus software isagsfor the postSURFHVVLQJ RI FDSWXUH GDWD Wi



also allows for the extraction of biomechanical coordinates based on standardised gait

models.

Mathworks MATLAB (v2011a). A programming language that allows for extremely large
datasets tit would not normally be supported by other statistical/data handling programs
(e.g. SPSS/Excel) to be processed using a set of programming rules. It was used in this

project to reduce large biomechanical files of individual coordinates to more meaxiaigful

CamsStudio. A freeware program used to record what is being conducted on a computer
screen. In this project it was used to create a standardised recording of the avatar moving in
AutoDesk MotionBuilder as this program did not natively have a videodemcXvid was

used as a compressor to reduce file size.

SolveigMM AVI Trimmer . A freeware program used to trim .AVI files to the desired size.

In this project all avatars were trimmed to the middle 15 seconds of each dance.

Empirisoft MediaLab (v2008a).An experiment builder program used to present participants
with the dance video files and record their perceptions using tsk@e scales into common

commaseparated files. Also allowed for the randomisation of videos presented.
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